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VI.— -JA*  Abtorption  of  the  Different  Types  qf'  Beta  Rayt  toyether  vitk 
a  Stwly  of  the  Stcun'tary  Rayt  EdCitttl  by  them. 

By  V.  K.  Pound,  M.A.,  UniverMity  of  Toronto. 

(Communicateil  by  Prof.  J.  C.  Mclennan  utul  read  May  M,  1908.) 

I.     Inthoductio.v.    Ill  n  [uiiht  in  tin*  I'liil.  Man-,  "f  July.  1907, 
Prof.  MacKenzie  gives  an  account  of  some  olwervations  which  he  nmde 


on  the  secondary  radiation  LssuinR  from  each  .side  of  plates  of  Iwnl 
upon  which  a  iwncil  of  /i  rays  was  allowed  to  fall.  I'sinn  plates  of 
increasirg  thickness,  he  foun<l  that  the  secondary  radiation  issuing 
from  the  side  of  the  plate  upon  which  the  fi  rays  fell,  gradiiallv  iii- 
creased  in  intensity  and  n-ached  a  niaxinuim  value  when  a  plate  .2  nims. 
in  thickness  was  used.  With  plates  of  still  jcreater  thickne.ss,  this 
secor  lary  radiation  remained  constant  in  intensity.  He  obtained, 
however,  an  entirely  difTertmt  result  on  investigatinfc  the  secondary 
radiation  from  the  back  of  the  plate  upon  which  the  fi  radiation  was 
allowed  to  fall.  Under  these  conditions  tlie  secondary  radiation  ftil 
off  very  slowly  as  the  thickness  of  the  plates  iiicreiiseil,  and  was  stil' 
quite  measurable  with  plates  of  lead  lo  mnis.  in  thickne.ss. 

in  arriving  at  these  results.  MacKenzie'  investigated  the  secondary 
radiation  i.ssuing  from  each  side  of  the  plates,  first,  when  both  /i  and 

Y  rays  were  allowed  to  fall  on  them,  and  .second,  when  \  rays  alone 
were  allowed  to  fall  on  the  plates,  and  the  result>  (pioted  by  him,  and 
ascril)e(i  by  him  to  the  action  of  the  p  rays  were  obtained  by  sub- 
tracting the  effects  due  to  the  y  rays  alone  from  those  due  to  the 
combined  fi  and  y  radiaiions. 

With  the  arrangement  he  adojjted  it  was  possible  that  in  cutting 
off  the  /i  rays  in  order  to  study  the  effect  of  the  y  radiation  alone  he 
also  cut  off  a  greater  proportion  of  the  latter  than  he  estimated.  If 
this  were  so  it  would  result  in  a.scribing  to  the  fi  radiation  a  part  of  the 
secondary  radiation,  which  projKTly  should  Imve  lieen  ascrilwd   to  the 

Y  rays. 

In  view  of  the  importance  of  his  results  in  their  relation  to  theories 
of  secondary  radiation  now  being  put  forward  by  Bragg'  and  others, 
it  was  thought  well  to  make  a  more  e.xtended  examination  of  the 
secondary  radiations  excited  by  both  /Saml  by  y  rays,  and  in  the  follow- 
ing paper  an  account  is  given  of  some  experiments  in  which  the 
secondary  radiation  both  from  the  back  and  the  front  of  metal  plates 
was  studied,  when  these  were  traversed  by  y  rays  alone,  and  also  when 
pencils  of  /3  rays  of  different  types  were  allowed  to  fall  on  them. 

'  Phil.  Mag.,  July  1907. 
'  Phil.  Mag.,  May  1908. 
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In  .liffi,rentl«tinf  th«  cfferU  due  to  the  vtrioiw  tvpe*  of  ny» 
the  action  of  »ch  wai  ii«rertiiin«l  hy  .bflertinR  ^nrikof  each  tyw 
into  an  ioniratiun  ch«tn»)er  away  from  the  othcra  bv  meana  of  a 
nuKnetic  field. 

11.  Apimratus:— The  arranKement  adopte*!  ia  nhewn  in  Fig  I 
The  rcireptacle  for  holding  the  ra.lium  wb«  a  lead  cylinder  A  with  walla 
4tm.  thick.  One  end  of  th^  cylinder  waHcovcre.1  l.va  brasa  plate  2  5 
rnma.  thick,  in  the  centre  of  which  wan  a  hole  4.5.  mnia.  in  .liamcter 
The  car«ule  hoLlinR  the  rudium  wan  Im-M  cloae  aKain-t  thia  plate  in 
iuch  a  |K«,tion  that  the  ray.,  from  the  ra.lium  on  i.H„i„K.  ,«,H«ed 
between  the  pnU-M  .,f  h  powcrf.d  clectromaKnet.  Imme.liatciv  In-neath 
the  pole  pieces  „f  the  electroinaKnet  was  the  ionisntion  chamlwr  H  It 
also  was  made  of  lead  in  the  form  of  a  cvlin.ler  «.7  cm«.  long  with 
walls  4.0  cms.  in  thickncsa.  the  ionisntion  chaml^r  ,,ro|)er  iM-ina  4  7 
crm.  ,n  diameter.  At  the  t..p  an.l  l.,ttom  were  brass  rings  to  hold 
different  thicknesses  of  selecte<l  a»)s..rl)inK  materials  over  the  en'.s  of 
the  chamber. 

A  projKjrIy  screened  and  iiu^iiluted  electrode  was  inserted  into  the 
■<.nis.nKchaml)eran.l  connected  to  a  Dolezeleck  electrometer  bv  mean, 
of  which  saturation  currents  were  measured.  The  sensibilitv  of  the 
electrometer  was  such  that  a  potential  differenr^e  of  one  volt  l^-tween 
tl.e  quadrants  prmluced  a  deflection  of  625  mms.  on  a  scale  about  ..ne 
metre  distant  from  the  nee.lle.  It  was  found  that  a  potential  of  240 
volts  applied  to  the  i..nlsation  chamln^r  was  alwavs  amplv  sufficient 
to  give  the  saturation  current. 

'II-  E.xperiments  on  the  Alworption  and  Ueflection  of  /»  rays  bv 
tinfoil.  '-.?". 

A.     .Measurements  on  transmitted  rays. 

In   these   experiments  the  ft  rays  from  the  ra<lium,  on  coming 
between  the  p.des  of  the  magnet,  were  deflected  either  downwards  or 
upwards  acconling  to  the  .lirection  of  the  field  between    the  poles 
As  the  capsule  containing  the  ra.limn    was  covered  bv  a  thin  sheet     " 
of   tnica,  the  a  rays  were  largely  al..s<,rbed.  so  that  the.Lssuing  l,eam 
contained   only  fi  an.l  y  mys.  which  could   easilv   !«  separated    bv 
the  magnetic  field  in  the  manner  indicated.     Readings  were  taken  of 
t..c   saturation   currents   in  the  ionisation  chaml)er  as  the  current 
through  the  electn.magnet  was  changed  by  small  increments  from  0  to 
about  2H  arn|)eres. 

A  series  of  measurements  was  made  with  a  number  of  different 
thicknes,ses  ..f  absorbing  layers  of  tin  foil  over  the  top  of  the  ionisation 
chamlx>r.  and  with  the  b..ttom  of  the  chamber  closed  bv  a  thin  sheet 
of  aluminium  foil,  .0065  mms.  in  thicknes.9. 

Before  making  these,  however,  a  set  of  readings  was  taken  with- 
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)ut  nnv  riiptallir  r.,verinK  '-vi-r  ffw  oiwninK  at  thn  top  of  t\»  ionUinR 
chamU-r,  nn.l  with  only  the  HJnKlo  «hoet  of  Hhiminimn  foil  over  the 
oiwninn  at  tho  b.ttotii.  In  titkini;  fl^ne  the  maKniUi.'  fioM  wan  finit 
appliwl  inmi.htt.lirpctionanto.leflertthoAniys.lowninto  the  .hain- 
ber  ttn.1  olwervations  worn  tna.leon  the  *it.iration  currents  .•orre.iimn.l- 
IHR  to  various  fioM  Hlnuintlw.  Th«  fii'l.l  was  thon  n«verso.|  an<i  a 
seoon.l  M't  „{  r,.:„|inK»  taken  at  ih«  /!«  mvn  worn  Km.limllv  deflecte-l 
npwanh  an.l  away  from  the  .•haml)«r.  Hot  h  i«.|^  ,>f  n-a-linjCM  arc  kIvph 
inroliimn  I  of  TahlcH  1  an.l  II  an.l  rnrvos  rrprpwntinK  tlu-m  are -<hown 
in  Fir.  l>.  From  thoMo  .-urvps  it  isswrnthat  n«  tho  fi  rav.i  were  .Ic- 
flertcl.lown  int..  the  rhamlK>r  hy  the  ina«neti.-  (1..M.  fh..  ionisati.m 
in  the  rImmlM'r  rapi.ily  inrrea««^l  to  a  maxitnuin  value  an.l  then 
deiTeu«p<l  an  the  .lifTerrnt  pencils  ..f  rays  were  swept  jmst  hv  the 
mcreasinK  rni.Kneti.-  flel.l.  It  is  seen,  also,  that  whi-n  the  ft  ravs  were 
deflerte.1  upwanis  an.l  away  fn.in  the  chunilH.rl.y  .rra.lually  inrn.asing 
maRnetic  fields  the c.rri'siM.n.linx saturation  currents. lern.as.-.!  rapidly 
until  a  constant  limitinR  value  was  r  ache.|. 

As  already  state.!  similar  sets  of  rea.linirs  were  taken  for  .lifTerent 

thicknesses  of  al.s..rhin!i  layers  ..f  tin  foil  ..ver  the  t..p  ..f  the  chamlwr 

Incdumns  II  t..  V  of  Tables  I  and  II  are  Kiven  the  results  ..htaine.l 

with  layers  .OlOti  mms.,  .()7,S4  mms..  .15»J,S  mms.,  an.l  .:{l.m  mms.  in 

thickness  resrHJctively  an.l   curves   A,  B,  C,  an.l  I),  corresi...n.ling  to 

the  residts  itiven  in  columns  Ii  t<.  V  of  Tal.le  I  are  shown  in  Fi«.  A. 

Here  aRain,  it  will  lie  seen,  when  the  fi  rays  were  .leHecte.l  .lown- 

wards  that  with  each  al.sorhinj;  layer  the  Hiiturati..n    current  passc.i 

thr.>UKh  a  maximum  value.       It  will  Ik?  .seen.  t..o,  that  the  maximum 

saturation  current  fell  away  as  tho  ahsorhinc  layer  was  increase.l.  an.l 

further  thrit  as  the  thickne.sa  of  the  layers  was  increased    it  re.piired   a 

stronger  an.l  stn.nRcr  fiel.I  to  pr...luce  the  mnximum  i..nisati.m. 

The  expl'inati.m  of  the.se  result.^  is  f.>tm.l  in  the  fact  that  tho  /3 
rays  i.ssue.l  from  the  ra.lium  in  a  numlwr  ..f  approximately  h..m..Ke- 
neoiis  sheaves  or  jiencils  p.issessinn  a  maximum  intoiisi.y  in  a  .lirec- 
tion  at  right  anules  to  the  axis  ..f  the  i.)nisin>;  chamlwr.  On  applvinjr 
the  masnetic  fields  the.se  sheaves  ..r  pencils  w..ul.l  un.ler«o  .linerent 
degrees  ..f  <leflecti..n.  th.)se  of  high  velocity  iMnng  loss  aiTecte.l  by  the 
field  than  the  m.>re  sl.iwly  nDving  ones. 

As  the  rays  fr.>m  a  sheaf  ..f  low  vel.icity  woidd  enter  the  chamlier 
first,  the  ionisation  woul.l  increa.se  an.l  reach  a  maximum  wluui  the 
axis  of  this  sheaf  of  rays  coinci.led  with  the  axis  of  the  ionising  chamber. 
Still  higher  fieMs  woul.l  deflect  the  slow  m..ving  rays  i)ast  the  opening 
of  the  i.>nising  chaml>er  ami  intr.i.luce  ..thers  i)o.s.ses.sing  still  higher 
vehcities.  In  as  much  as  Bragg.'  an.l  others,  have  shown  that  the 
'  Phil.  Ma?..  O  t.  1907. 
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lonisingipower  of  fi  rays  of  high  velocity  is  not  so  great  as  that  of 
those  moving  more  slowly,  it  follows  that  with  increasing  magnetic 
helds  the  lonjsmg  power  of  the  rays  introduced  would  be  less  than  that 
of  the  rays  cut  out  and  hence  a  drop  in  the  ionisation  values  would 
occur.      This  drop  in  the  conductivity  would  continue  until  ultimatelv 
all  the  deflectable  fi  rays  were  swept  past  the  chamber.     As  the  layei^ 
of  tinfoil  were  gradually  increased  in  thickness  the  more  slowlv  m..ving 
/Jrays  would  be  absorbed  and  the  first  effective  sheaves  transmitted 
would  consist  of  rays  possessing  higher  and  hl-her  (.enetrabiiitv  an.l 
consequently  of  rays  with  less  ami  less  ionising  power.     It  follows 
then  that  while  a  maximum  conductivity  would  be  obtaine.l  with  each 
hickness  of  tm  foil  the  value  of  the  maximum  would  .l*crea.so  with  the 
thickness  of  the  absorbing  layer.     It  is  evident,  too,  since  with  in- 
creasing thicknesses  the  first  effective  sheaves  of  transn.itted  ravs 
would  possess  higher  and  higher  velocities,  that  t.ie  field  re.mire.l  to 
deflect  the  axis  of  these  .lifferent  sheaves  into  coinci.lence  with  the 
axu  of  the  chamber  would  increase.     Hence  the  maximum  comlucti- 
vities,  when  absorbing  layers  of  increasing  thicknesses  were  used  would 
be  obtained  by  fiehls  excited  bycurrems  of  great,     intensitv,  an.l  this 
as  the  curves  A.  H,  C.   an.l  1)  shew,  is  actually  what  happen;.! 

The  numbers  correspomiing  to  the  saturatL.n  currents  obtained 
with  the  different  absorbing  layers  when  the  ravs  were  deflected  m^. 
wanls  and  away  from  the  chamber  by  the  magnetic  fiel.ls  are  given 
in  clunms  II  to  V  .,f  Table  II,  an.l  curves  rej.resenting  them  are 
shewn  ,n  lig.  4  From  these  it  will  be  seen  that  with  each 
absorbing  layer  the  ionisation  fell  away  as  the  ravs  were  deflected 
upwanls  an.l  soon  reached  a  value  which  was  c.nstant.  an.l  which 
represcnte.1  the  natural  conductivity  of  the  air  in  the  chamber 
together  with  that  impressed  upon  it  by  the  umleviable  ravs  from 
the  radinm  and  by  the  secondary  rays  which  thev  excited       " 

These  limiting  curves  it  will  te  seen  exhibit  an  effect  already 
pomted  out  ami  emphasize.l  by  MacKen^ie' an.l  others,  that  when 
ho  thickness  of  a  plate  or  wall  upon  which  y  rays  a,x>  allowed  to 
fall  IS  gra.lually  increase.1  the  gain  in  ionisation  at  the  back  of  the 
plate  fn.m  the  secondary  radiation  is  at  first  greater  than  the  loss 
produced  by  the  absorption  .,f  the  primary  rays.  This  result  is  well 
exemphfie.  by  the  curves  A',  B'.  C,  an.l  I,',  which  correspon.l  til 
abs,,rbmg  ayers  of  increasing  thickness  an.l  which  shew  that  the 
Inn.tmg  value  of  the  or.linate  of  B'  is  greater  than  A',  that  of  ("  is 
equal  to  that  of  B',  and  that  of  D'  is  again  less  than  that  of  V 
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In  adelition  to  the  measiirements  just  descriljed,  f)ther8  were  taken 
for  magnetic  fields  in  both  directions  with  absorbing  layers  1.234  mms., 
1.96  mma.,  and  3.136  mms.  in  tliiekness,  and  the  results  of  these  are 
recorded  in  Tables  I  and  II.  The  curves  F,  F,  and  G,  Fig.  5,  were 
plotted  from  the  numljers  in  columns  VI  to  VIII  of  Table  I 
and  represent  the  conductivities  obtained  with  fields  which 
deflected  the  ft  rays  down  towards  the  chamber.  The  numbers 
corresponding  to  the  saturation  currents  obtained  with  different 
absorbing  layers  when  the  rays  were  deflected  upwards  and  away 
from  the  chamber  are  given  in  olumns  VI  to  VIII  of  Table  II,  and 
curves  E',  F',  and  0,  which  were  drawn  from  the  numbers  given  in 
this  table  are  shewn  in  Fig.  5.  and  represent  the  conductivities  when 
the  rays  were  deflected  in  the  opposite  direction. 

The  short  sharp  rise  in  the  eur%c  K  shews  that  with  tinfoil  1.254 
mms.  in  thickness  the  ft  rays  were  still  able  to  penetrate  the  absorbing 
layer.  A  slight  rise,  as  can  be  seen  from  the  figure  occurs  in  the 
Curve  F,  but  with  the  Curve  G  no  evidence  exists  of  any  rise  in  con- 
ductivity. This  curve,  moreover,  coincides  with  the  Curve  G'  which 
is  drawn  from  values  of  the  ionisation  obtained  when  the  rays  were 
deflected  upwards,  and  this  coincidence  of  the  two  curves  G  and  G, 
shews  that  with  the  absorbing  layer  with  which  the  results  illustrated 
by  these  curves  were  obtained,  a  thickness  of  tinfoil  was  finally 
reached  which  could  not  be  penetrated  by  the  ft  rays  and  by  the 
secondary  rays  which  were  produced  by  them  in  the  metal. 

In  order  to  find  the  precise  thickness  of  tinfoil  necessary  to  stop 
all  the  ft  and  ft  secondary  radiations,  a  curve  shewn  in  Fig.  (>  was 
plotted  taking  as  ordinates  the  ionisation  in  the  chamber  due  to  the 
maximum  ft  and  ft  secondary  rays  for  each  thickness  of  tinfoil,  and 
as  abscissa  the  thickness  of  the  tinfoil  screen  with  which  each  maxi- 
mum was  obtained.  The  maximum  ft  and  ft  secondary  ionisation 
for  each  thickness  was  determinod  in  the  following  manner.  Taking 
the  residts  for  a  particular  thickno.s.s.  the  limiting  value  of  the  ordinate 
of  the  curve  drawn  for  a  deflection  of  the  ft  rays  upwards  was  sub- 
tracted from  the  maximum  value  of  the  ordinates  of  the  curve  drawn 
for  deflections  of  the  ft  ray.s  downwards.  Inasmuch  as  the  limiting 
value  of  the  ordinates  of  the  former  curve  repre.sented  the  ionisation 
in  the  chamber  due  to  v  ray.s.  and  v  secondary,  together  with  that 
due.  to  natural  causes,  and  the  maximum  value  of  the  ordinates  of 
the  latter,  the  ionisation  due  to  the  maximum  ft,  ft  secondary, 
V  and  Y  secondary  radiations  with  that  due  to  natural  causes,  the 
difference  gave  the  ionisation  due  to  the  maximum  ft  and  ft  .secondary 
ionisation  for  the  particular  thickness  of  tinfoil  over  the  top  of  the 
joni.satidii    cliatnljer. 
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In  Table  III  there  is  collected  and  iriven  in  mw  I  tu^ 

«oo„d.^  „dj.ti.„,  .„d  .Kat  du.  .„  n..u„,YjrJ.     ilrtr 
of  different  thicknesses  of  tinfoil-  in  row  IT   the  oo*       !•         ^"-^'^^ 
due  to  the  v.and   Y  se.on,.ry'Z:Z^\laZT:Tu^^^^^^^ 
causes,  and  in  row  III,  the  deduced  maximum  iontlt    n  d  e  t<     he 
^  and  /.  secondary  radiations  for  the  same  screens  of  t^'o    sheets 

mJr.T:  ";''  ''""^  ^  ''^- ''''  ^^  ^'^•^  -'-« «f  the  „.  t 

ZTe    Th  "    ^  ''"'"   mT  '""''"'"'"^  ^"'^^'^  ^'""^  ^"^  I"  «f  the  above 
table    The  curve  as  will  be  seen,  is  drawn  with  an  initial  rise  although 
no  values  were  obtained  from  which  the  position  of  the  h  X     ,    int 
could  be  determined.     Some  observations  to  be  given  laterh  we  e" 
on   the   determination   of    the   maximum   thickness    of   al„ Z  f^' 

necessary t.>absorbanthe^and  /y secondary  radiations/she^^X^^^^ 
that  for  alunuiuum  the  ionisation  in  the  chamber  due  to  the  ^  ra  v     o  e 
and  fell  as  he  thickness  of  aluminium  was  increased.    The  infere  ice    as 
herefore  dra^v„  that  for  all  metals  this  rise  and  fall  in  the  c-  mduc 
tivity  due  to  p  rays  striking  a  wall  of  the  chamber  woul.    ^7  and 

it  is  cli      thJ      !  t"  """"  "  "^"^  '^'  "'"'^  '»  I'^'«-  «  f'^"^  awa  V. 
It  IS  ,  kar  that  m  the  experiments  with  tinfoil  the  thickest  screen  used 

was  amply  snif.c.ent   to  absorb  all  the    /i  ravs  -.ud   th     7rV 
n.ys  exciu..,  by  them.    An  examination  „f  L  nn^T'Ll,:  tZ 
it  Mdent  that  even  a  thickness  of  2.5  n.illimetres  of  tinfoil  m'.s  T    nK 
suflicient  f,,r  that  purpcKse.  '  - 

li.     -Mcii.snrcinont.s  on  reflected   ravs. 

A  ..cries  of  measuren.ent.  was  also  ma.Ie  on  the  secon.iarv  radia- 
on  produced  at  the  front  side  of  sheets  of  tinfoil  when  /.  and  v    Ivs 
uere  al  owed  to  fal  on  them.     One  layer  of  aluminium  f.dl  .OOo/mni 
>u    lucknes.s  was  pla<.ed  over  the  opening  at  the  top  of  the  chanTr 
and  layers  o    tinfoil  of  increasing  thickness  were  placed  o ve    tt  o  en 
ng  at    the   bottom.     ,„   these  ex,«riments   the   capsule  c  n  ain  „: 
the  radium  brom.de  was  placed  vertically  above  the   onis.tion  ■  C 
ber,  so  that  the  rays  after  passing  between  the  poles  of  the  magnet" 
,.nged     irectly  on  the  thin  sheet  of  aluminium  foil  f..L    ,^t 
upi'^r  uall  of  the  lon.safon  chamber,  and  after  pa.ssing  throul  it 

tht  bottom.  As  the  magnet  was  e.xcited  by  increasing  currents  the 
^  a.vs  were  more  and  n.ore  deflected  until  all  were  swe^t  aside  bv  he 
held  an.l  y  rays  alone  entere.l  the  chamljer  ' 

In  column  11  of  Table  IV  is  given  a  typical  set  of  these  measure 
ments,  and  a  typical  curve  plotted  fn.m  them  is  shewn    nFg/ 
The  values  obtained  with  the    complete    set  of  refictor-  JeT.re 
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recorded  in  Table  IV,  and  it  may  be  seen  from  the  curve  in  Fig  7 
that  after  a  field  corresponding  to  ten  amperes  was  exceeded,  the 
ionisation  approached  a  limiting  value  which  indicated  that  for 
magnetic  fields  excited  by  currents  of  ten  amperes,  and  greater,  the  fi 
rays  were  all  turned  asiile  and  the  y  ray-^  alone  were  left  to  enter 
the  chamber.  The  maximum  ionisation  due  to  the  fi,  fi  secondary, 
Y,  Y  secondary,  and  that  due  to  natural  causes  is  given  by  the 
onlinate  of  the  initial  point  of  this  curve.  With  the. interpretation 
given  above  the  ionisation  due  to  the  y.  Y  secondary,  and  that  due 
to  any  radiations  from  the  metal  forming  the  walls  of  the  chamber 
may  l)e  taken  to  be  rci)re.sente(l  by  the  point  on  the  curve  correspond- 
ing to  the  highest  field.  The  difference  in  the  values  of  these  two 
ionisations  gives  a  value  for  the  maximum  conductivity  impressed 
upon  the  air  by  the  fi  rays,  and  by  the  secondary  radiations  excited 
by  them  in  the  tmfoii. 

In  Table  V  is  given  the  deduced  values  of  the  maximum 
ionisations  which  were  due  to  fi  and  /3  secondary  rays  from  similar 
sets  of  measurements  for  different  thicknesses  of  tinfoil  at  the  bottom 
of  the  chamber.  The  curve  drawn  in  Fig.  8  is  plotted  with  ordinates 
representing  the  values  of  these  maximum  fi  and  fi  secondary 
ionisations  as  recorded  in  the  fourth  column  of  this  table,  and  with 
ab.sciss£E  representing  the  corresponding  thicknesses  of  tinfoil. 
From  this  curve  it  is  clear  that  the  maximum  conductivities  produced 
by  the  fi  and  the  reflected  fi  secondary  rays  reached  a  limiting  value 
when  the  tinfoil  sheets  attained  a  thickness  of  .24  mms.  and  for  still 
greater  thicknesses  remained  constant. 

Summarising  all  the  results  obtained  with  tinfoil  it  would  then 
appear: — That  when  fi  rays  from  radium  are  allowed  to  impinge  on 
sheets  of  tinfoil  a  maxiniuin  reflected  secondary  radiation  is  obtained 
when  the  tinfoil  attains  a  thickness  of  .2-1  mms.,  and  further  that  a 
thickn<'s.s  of  2..5  mms.  of  tinfoil  is  sullicient  to  al)sorb  not  only  the 
transmitted  secondary  rays  excited  !)y  fi  rays,  but  also  the  whole  of 
the  primary  railiation  itself. 

This  result,  however,  while  giving  <Iefinite  information  regarding 
a  lower  limit  to  the  thickness  of  tinfoil  re([uisite  to  absorb  primary 
fi  rays  gives  only  an  upjier  limit  to  the  thickness  neces.sary  to  absorb 
the  transmitted  secondary  radiations  produced  by  such  rays.  In 
order  to  obtain  a  lower  limit  to  the  thickness  of  tinfoil  required  to 
absorb  the  transmitted  fi  secondary  radiation  alone  which  is  excited 
by  fi  rays,  it  would  be  necessary  to  moilify  considerably  the  arrange- 
ment of  the  apparatus  used  in  making  these  measurements. 
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ly.    E.per.menu  on  tke  AHor.Uon  ana  Henection  of  ,  nay,  ty  Le.l 
A      Measurements  on  the  tran«mitte.l  mvs 

find  the  n,inin.um  tht^knr"  "  ,""  ^'"'""^''^  *'"  ^"''-  '"  -''"  to 
gence  ,.f  anv  // or /^  sella  ''"•'r'T'"-'  '"  '"^^'^'"*  ^^e  emer- 
"P..n  whi..h  the  pri.^;  ^i;:^  ...  ',,  i;-^;-  ^^^  ^-  ji^e  of  a  plate 
was  placed  as  in  Fie.  i  arid  soN  ,.f  ron  "i  ""'"""  '^^"mi'le 

in  the  ohamber.^s  vvTth  t  ;  t  r"-  "'^  '"'''"  "^  ''^''  '""''^"^'"" 
with  it  covered  bv  lead  f.  I  .  f  '•  '     !  ''  "^""'^'^  "'*«"•  =»"''-  -'"d, 

chaml^r  being  a  va  •  ,  ';  ;7;:i^;^f  r"-'  ^^e  bottom  ^f  the' 
in  thickness.     As  beforeThes^  r.    .  '•''""^'»'"'"  ^"il  0065  mms. 

given    in   T,„,le,    vr;:;^;     '',■'"  ' ''I,'''"'',™"'' '^''l«"™'.'-«; 
pv»n  in  ,,,1,„„„,  III    IV  „„,,  I;     """  'If  ™lnes  <,t  the  ionization. 

curves  C  drawn  (r.,m  lire  %-il„™  ,  ,  "ilndJeme  „t  the 

.n,l   d„„nw.r,l   .lefc,  in,  ,      h,     7'""'"'''"'-'  '"'">  '"  '!•»  "r-varf 

"■"  different  thicknesses  of  th/  ^  secondary   rays  for 

-    cables  ,ivenabovritdercri"r''"-'  '" ''^"^"-^    ^-^ 
i.Dle  VIII    and  a  cL.  '' ''^'"^' "^  ^iven  in  row  III  of 

Fromthecur'tts    :    ent'thT"'""   ''^"   '^   ^^^^^'^   ^    ^i,.  ,0 
completely  absord^I'll'r  h^r/  aT ^  '^'ie'  "T"  '"  ^'^^'^"-^ 
excted  in  the  lead  including  the  mor^pf^e^.^Hr"'^'-^'   "''^'°" 
in  thil'Terr"*'  ""  """■'"'  '•"•^•'^  ^'•"-  'ead.' 

was  thVstei''  .hr:r;;;::;:.:;:  -^r-^^r-^  -^  ^^«  ^pp-at„3 

tin  «ere  taken,  the  radLnUr,'  '■"  ''''  •■'"^'^*'^^'  ^^>-«  f^""* 
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at  the  bottom,  while  the  single  sheet  of  aluminium  foil  .0065  mma. 
in  thickness  covered  the  top.  As  before,  the  saturation  currents  in 
the  chamber  were  taken  aa  the  u.  .gnetic  field  deflected  the  (i  rays 
farther  and  farther  from  the  opening  of  the  chamber,  and  the  values 
of  the  saturation  currents  are  given  in  Table  IX.  From  these  it  will 
be  seen  that  with  the  lead  reflectors  of  different  thicknesses  the 
saturation  currents  were  practically  the  same  when  magnetic  fields 
of  sufficient  strength  to  deflect  all  the  fi  rays  were  applied.  In  order 
to  ascertain  the  maximum  ionisation  for  the  various  lead  reflectors 
due  to  the  fi  ray  effect,  the  mean  of  the  readings  obtained  with 
the  high  fields  was  taken  as  representing  the  conductivity  due  to 
the  \  radiations,  that  rlue  to  the  secondary  radiations  excited  by  these 
in  the  reflectors,  and  also  that  due  to  the  so-called  natural  ionisation. 
This  mean  was  subtraHed  from  the  maximum  ionisation  obtained 
with  each  of  the  reflectors  before  the  application  of  a  magnetic  field 
and  the  differences  which  are  recorded  in  column  IV  of  Table  X,  and 
represented  graphically  by  the  Curve  A  in  Fig.  11  were  taken  to 
represent  the  ionisations  produced  in  the  chamber  by  the  primary 
fi  rays  and  by  the  secondary  niys  excited  by  them  in  the  lead  reflec- 
tors. From  a  consideration  of  those  values  and  of  the  form  of  the 
curve  in  Fig.  11,  it  is  evident  that  a  maximum  secondary  radiation 
duo  to  the  impact  of  fi  rays  on  the  lead  reflectors  was  obtained  with  a 
thickness  of  .16  mms.  of  thi3  metal. 

From  these  results  then  it  is  clear  that  the  secondary  radiation 
emitted  by  the  front  side  of  a  lead  plate,  which  the  fi  rays  from 
radium  fall  do  not  come  from  a  depth  of  the  metal  greater  than  .16 
mms.  It  is  also  established  by  the  results  that  a  plate  of  lead  .!)  mms. 
in  thickness  will  completely  absorb  all  the  primary  fi  rays  from  radium 
as  well  as  all  the  secondary  radiation  excited  by  these  rays  in  the  lead 
plate. 

V.    Experiments   on    the    Absorption    -md    Reflection    oj    ft    Rays    by 
Aluminium  Foil. 

A.     Measurements  on  transmitted  rays. 

A  series  of  readings  was  also  made  with  a  number  of  different 
thicknesses  of  absorbing  layers  of  aluminium  foil  over  the  top  of  the 
chamber,  in  order  to  find  the  minimum  thickness  of  aluminium 
necessary  to  stop  the  ft  rays.  The  bottom  of  the  chamber  was  closed 
by  the  same  sheet  of  aluminium  foil  .0065  mms.  thick,  used  throughout 
these  experiments.  As  before,  the  first  series  of  measurements  was 
taken  without  any  cover  over  the  top  of  the  chamber  and  this  scries 
is  given  in  column  I  of  Tables  XI  and  XII.  The  res  ;lts  obtained 
with  layers  .000."),  .2>i  mms.,  1.1^4  mms.,  ;}.41  mms.,  4.73  mms.,  and 
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TableT  xi'anVxn""'  ""'"''*'^'"^  '"  '^-°  ^  -'--  "  to  VII  of 

and  curves  D'  and   E'    Fiir    i^    /-  Wl  *'  "^  ^"'''^  X'- 

VI  and  VII  of  Table  XII  """'*'  8'''^"  '"  '^"'"™'»« 

the,^8ult«whenarveZof^l^  ^'^'""^^  -ith 

«adily  seen  that  the  addftion  Ttho        °^  "'"'"'"*"'"  *««  "«ed.  it  is 

into  it.  This  effect  is  nl«n  Z  /"'^'^ "«  *^e  /?  rays  were  deflected 
A  and  B  in  Fig  ??  Thi  Jncli  ""  '""  ''^"^^'-^  ^^^  ^''^  ""-«« 
to  the  thin  covering  of  ftllTn  !"""'*'""  '"  *''«  ehamberdue 

action  of  second  ;Tr:ir'The':rnTH'r'  "  "^'"^  ^'"^  *"  *^« 
used  would  only  absorb  rveVv3liro;n    1  ^'"  P' ^  ^"'' 

rays.  and.  consequently  it  would  Tn  ^'"P"'*'""  "^  ^he  primary  A 
rays  to  make  a  cont  ibm  ,m  ti  t^  T'  '  ^"'.  '^'  '""''''^  ««^-""^'"v 
than  the  loss  inc^r/^d  brthe  a^L^^^^^^ 

oouree.  it  is  also  possible  that  the  in  '"  '  "'"""^  "">-'■     ^^ 

be  interpreted  as  WnTdvt  to  ^  ,";      ''  '"  '"t'***""  "''^"^^•'  -'"''l 
the  prilry  .ys  by  tTeir^al^a  eth;::rh  ^^^^  "'"•" 

too.  in  connection  with  this  exr,uZ\l      1  ^*  '^  *"  ^  ""^«**. 

ionisation  shewn  bvcrvrrwe-nhfV^'V'"'^'  ^'^^  ^«'"««  "^  the 
of  the  chamber  uncove:^!  t  W  n  ."'"k^  T^  '^'  "P^"'"^  ^^^  *»>«  top 
tion  of  a  somewhat  larg'  ^ody  of  air^t^"'  "'"""'^'^  '"^^  '-'-* 
ments  when  the  openinfwas love  J  'ulr  Z^  7  *'^  "^P^"' 
real  increase  in  ionisation  produced  bvth"'' ***'f"™' '^"*  ^'^^ 
through  the  single  sheet  of  aTumnTuil^^^^^^  *''   ^  "^^'^ 

that  indicated  by  the  curves  A  and  I  "f  fL  ?2     s  ^'^"*"  '^'^^ 

were  made  with  screens  of  two  an,l  nf  tk  f  ^  ^"^  measurements 
as  these  were  found  to  gi^e^aximum ''  ''^' °' ''"™"'"'"'""^ 
the  same  as  that  obtained  wirasTnH  '?"'?'■""'  '^PP'-"--''"«tely 
order  to  investigate  more  fu  this  ise  in  "'.  "'  ""  "^"  '''''  '" 
necessary  to  use  still  thinner  sheeT!  f  .  '.""^'^'^'^'^'^^y  it  would  be 
which  the  opening  was  .nte  ,  ''[fTr^'V'''''  ^^^  "^  ^^^^ 
pertinent  to  the  subject  umler  n'^  ti..ati  ^T'  ''■"'  ""'  ^P^'-''^''^ 

tion  was  .leferred.     This  re  in  en         '       ■''^'  ''"'"• '''  ^-^«™i'«^- 

-ge  of  /.  ™y«  throug  a  "i^ia ;;  ;;::r-' ""''^'"^  ^^""^  ^^^^  p- 

in  the  experiments  wfth  leadam/ Hn  "'"'"'"T/^»«  ""t  observed 
leu.t  thicknesses  of  these  net  a  Is  Vh,  .  ?"''  ''""'^'''•^^  '^'^'^^^^  ^^e 
-v.thancoul.,,..ompen":t      f^^'t^^^^^^^^  ^'-   P"--.v   /^ 

-■>.     -is  rc.ult,  it  w!,n.  rei:ml^-e^:^^^^^^^ 
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:il  A  and  was  given  as  a  reason  for  drawing  the  curve  shewn  in  Fig 

6  with  an  additional  rise,  although  no  determinations  were  made  wit'i 

which  It  could  be  confirmed. 

Curve  C  shews  that  while  the  more  deflectable  of  the  /?  radiations 

were  absorbed  by  1.184  mms.  of  aluminium  foil,  the  more  penetrating 
st.ll  passed  through  it.  The  slight  rise  in  curve  D  also  indicates  that 
some  of  the  /?  radiation  was  still  able  to  penetrate  4.73  mms  of 
aluminium.  With  a  thickness  of  8.14  mms.  of  aluminium,  however 
no  rise  in  the  conductivity  occurred,  and  as  curve  E,  Fig  1.3  shews' 
this  thickness  was  sufficient  to  cut  off  all  the  /?  ray  effect. 

It  will  be  seen  that  the  curves  which  are  drawn  on  a  large  scale 
for  deflections  of  /?  rays  downwards,  and  for  deflections  of  these  rays 
upwards,  corresponding  to  a  thickness  of  8.14  mms.  of  aluminium  over 
the  opening  at  the  top  of  the  chamber  and  denoted  by  E  and  E'  do 
not  coincide.  It  will  be  recalled  further,  that  the  curves  drawn  for 
the  limiting  .thicknes.-,es  of  tin  and  lead  under  the  same  conditions 
shewed  an  exact  coincidence.  This  peculiarity  in  the  behaviour  of  the 
aluminium  screen  was  investigated  at  considerable  length  and  was 
hnally  shewn  by  some  experiments  which  are  described  later  in  Sec- 
tion VI  to  be  due  to  the  action  of  the  secondary  /?  ^a^^  excite.1  on 
the  far  side  of  the  thicker  aluminium  screens  by  the  v  rays  enterine 
the  chamber.  * 

In  Table  XIII  there  is  given  in  row  I  the  maximum  saturation 
currents  m  the  chamber  due  to  the  /8,  /?  secondary,  y  and  v  second- 
ary radiations  and  that  due  to  natural  causes  for  the  different  thick 
nesses  of  aluminium  foil,  in  row  II,  the  saturation  currents  due  to  the 
;'and  secondary  radiation  and  thatdue  to  natural  causesand  in  row  III 
the  maximum  ionisations  due  to  the  ft  and  ft  secondary  radi  itions 
deduced  as  explained  in  Section  III  A,  from  the  Tables  above  and 
their  corresponding  curves.      On  looking  at  the  figures  given  in  row 
III  of  this  table,  it  is  seen  that  there  is  apparently  a  ft  rav  ionisatlon 
of  .5  or  about  one-seventh  of  one  per  cent  of   the  greatest  ft  r-v 
lonisation  in  the  chamber  when  the  top  of  the  chamber  is  covered  by 
8.14  mms.  of  aluminium.     This  conductivity,  however,  represents 
really  a  v  ray  effect,  due  as  said  before  to  the  thickness  of  the  alum- 
inium   used    }»nd   should    be  deducted  from  the  last  three  of  the 
numbers  given  in  row  III  of  the  table.      These  corrected  values  of 
the  maximum  /?  and  ft  secondary  ionisations  are  given  in  row  IV  and 
a  curve,  Fip;.  14.  is  plotted  from  these  values.     An  examinati.'.n  „f 
this  curve  makes  it  evident  that  a  thickness  of  approximately  7  mms 
of  aluminium  foil  was  amply  sufficient  to  absorb  all  the  ft  rays  and 
the  secondary  rays  excited  by  them. 
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A  l^rierT'"'"*"  ""  ""^'"'''^  ™>'»  ^™"'  aluminium, 
when  //  anlTravs  wl«/r    ff  ,"    -'««^  «'  aluminium  fo 

ar^ngement  of  thelp'^llrLlrsat  a'Tf^/r™'"'-  "'' 
on  the  reflecte,!  r«cliation«  from  iT 'nTleZ  i^  '"ea«urement< 
saturation  currents  in  f »,«  x,  L  ,  .  *"'  ^^  ^a'^es  of  th< 
of  "lumi^iurfo  at  he  t"t^' ''""'  ''."  *^«  ''''^-"^  thicknoase.. 
the   maximum  ioni«atic  n^  aTZ  Z  i'"°  '"k  ''''"''    '^^^'    '»"'' 

from  these  tables  an.,  the!r  t^omL.^res'^^^h^:  m'^-'""'' 
currents  are  eiven  in  TnMo  Y\r       ,  !.  **  curves,      ihese  maximum 

from  them  sheathe  malleri  rAr""""' '"  "'«•  '"'^  "'""-' 
ra.Iiatio„  was  incre!»^,        F  1'";;'.''  *^'  '"'^"«'*>'  "^  ^he  secondary 

maximum  conducS' pr.  C  b?  7CJ'  ^^T""'  ''''  ''' 
secondary  rays  att..int.;i  „  limW  ,  ^  *""'  ^'^^   reflected   /» 

sheets  reached\"TSnesVoT"r™;::'"  "'"  ^'^  ^'"'"'"'"'"  ^"'' 

aiuml^r^u/^^jr  ,;'>- r's  r  ^  ^'^^•'^r  -^  ^  ™"-  -^ 

the  sc-ondarv  mvs  which  thovJ     !  u^  ""^'^  ^"'"'  ••"•'"""  and 

that  the  sccondan  r  y  emil  kT^k"/''  "'^*"'-  ^*  ^"»"-«  too 
metal  when  bombanS  by  ^he  x^  ^. '?'  ''""V^"''  "'  ^  f"'^^«  "^  ^^^^ 
a  depth  in  the  meta,  ,r.^t^rZ  ^  mlr  "'""  '"^  ""^  ^"'"^  ^^''"^ 
r/.-^.V  enments  on  t^e  Ser..l.ry  Bay.  E.cite,  ,n  Aiuminium  6,  ,  Hays 

the  secondary  rfre  ^  h v 7h  "' ''' ^'""' ""  ^'"'^  ^  ^^-ind 
at  the  top  of  the  i.^'tl '  h^tl^'r  X  ^^r'^'  '''  "^^'"'^ 
not  the  same  with  a  maEnetir  Zli  ,  "'''"'■"t'on  currents  wore 

obtained  with  the  sameTe      r'^^^'^l^  "ne  direction  as  those 

the  yalues  of  the  saturation  c„"^";  ,tl"l  ti^  ''"''''''''  '" 
minium  were  used  is  iilustratP,!  u  ''^•""^''  '^'i«"  «'Tcens  of  alu- 

the  experiments   wi  h  1^^^^^     ^  l""''''  ''  '>"''  ^•'  i"  i>^'-  13.     In 

observed,  and  in  order  to  ct  urthTm"';;""'  ''  ^^''^  '^'""  ^^ 
of  experiments  was  carried  out  to  1  1  v"''  ''"  "^'ditional  series 
in    the   case   of  aluminiunu  """"  ''  '""'^'^  ^^''^  -"««  "f  it 

1  •     In  the  fi  ^t  experiment  a  thickness  „f  a  7i 
"^s  placed  oyer  the  <>pening  at  thrtoTof    ,t    ."'"f' "^"'^ 
this  a  thiokness^of  .964  mms   of  lead       tI     .  'i  "'"^'^'■'  •'""'  "•^"^'« 
be  remend.ere.l  was  found  in  Vho;    l'      '         ''"''"  ^'^  ^'''^  '*  ""1 
absorb  an  the /.and   thT^rcclnda;;  "ui"''"*"""^'^  '^"""■-'»   ^" 
that  withlthis  screen  none  iH  ^  v    avf'"  1"      ''  ''""^"  *''^"' 

Y  ra\i  oi  noiium  rould  enter  the 
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ionisation  chamber  when  this  double  thickness  of  lead  and  aluminium 
was  pinred  over  the  top.  The  ronductivities  in  the  chaml)er  for 
gradually  inc-reasinK  fields  in  bf)th  directions  were  taken  and  these 
are  given  in  Table  XVI.  The  second  column  of  this  Table  shews 
a  slight  gradual  decrease  in  ionisation  as  the  /»  rays  were  <lcflected 
into  the  chamber,  and  the  fourth  column  shews  a  greater  decrease  as 
the  /?  rays  were  deflected  away  from  the  chamlwr.  Here  again  it 
will  be  seen  that  the  diflfereuce  in  the  ionisations  for  the  flirections 
of  the  magnetic  field  was  approximately  of  the  same  magnitude 
when  there  was  8.4  mms.  of  nluniinium  over  the  ionisation  chamber. 
Since  none  but  \  rays  could  enter  the  chamber  thi.s  difference  in 
ionisation  must  have  been  due  to  the  action  of  the  magnetic  field  in 
the  chamber  on  the  secondary  radiation  issuing  from  the  back  of  the 
aluminium  screen  under  the  e.\citatir)n  of  the  /8  rays. 

2.  The  next  expeiiment  was  to  place  the  radium  protected  by 
the  lead  cylinder  on  the  side  of  the  ionisatiim  chamber  directly  opposite 
to  its  former  position.  The  same  aluminium  screen  8.14  mms.  in 
thickness  was  placed  over  the  chamber  as  before,  and  the  /9  ravs  were 
again  deflected  down  into  the  chaml)er  by  a  suitably  directed  magnetic 
field  and  afterwards  upward  and  away  from  it  with  the  field  reversed. 
The  residts  are  given  in  Table  XVII.  The  numbers  thus  recorded  shew 
the  same  characteristics  as  when  the  radium  was  in  the  first  position. 
When  the  magnetic  fields  were  such  as  to  deflect  the  /9  rays  downwards 
into  the  chamber  the  ionisation  ilecreased  but  slightly.  On  the  other 
hand  a  considerably  greater  decrease  took  place  when  the  /S  rays 
were  deflected  in  the  opposite  direction. 

3.  A  third  experiment  was  carried  out  with  the  radium  and  its 
lead  protection  placed  back  in  the  original  position.  One  sheet  of 
tinfoil  .01%  mms.  in  thickness  was  inserted  over  the  top  of  the  ionisa- 
tion chainljcr  and  8.14  mms.  of  aluminium  was  then  placed  over  the 
tin.  Headings  were  then  t-ak^n  of  the  conductivity  in  the  chiiinlwr 
for  the  two  deflections.  These  readings  are  gi\en  in  Table  XVIII,  r.mi 
the  curves  A  and  A'  representing  them  are  drawn  in  Fig.  16.  Those 
curves  and  the  curves  E  and  E'  drawn  in  Fig.  13  are  on  the  same 
scale.  A  comparison  of  the  latter  which  correspond  to  a  screen  of 
8.14  mms.  of  aluminium  alone  over  the  top  of  the  chamlx;r,  with  the 
curves  A  and  A'  in  Fig.  16,  makes  it  clear  that  the  insertion  of  the  sheet 
of  tmfoil  beneath  the  aluminium  screen  brought  the  curves  repre- 
.senting  the  two  deflections  more  nearly  into  coincidence.  The 
natural  conclusion  would  be  then,  that  for  a  greater  thickness  (.f  tin- 
foil below  the  aluminium  the  two  curves  representing  the  ioni.satiun.s 
for  the  two  deflections  would  coincido.     To  test  this  <'.mnecti<)i!  f,,;!r 
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■heeU  of  tinf«)il  or  a  thicknpiu  .if  moA 
oF«ni„,  of  the  chamber  ndov  ZtZ^^r""  "'"•^"'  *'^'^''  '»" 
The  c.,„,|„etivity  in  the  eh.  J^r^LlVn. '"'"'*•  l"""'"'"'"'"- 
magnetic  fieHs.      The  reatiltr  »«  L  ?  measure.!  for  .lifferent 

i''".trating  them  ia  .hewn  iFri6T;"I^  """  ""'-  » 

the  curve  both  ahew  that  wUh  a  Jin  I  .  ""'*"'  '"  '''^  ^"b'"  '"d 
duotivitiea  in  the  chamber  were  ilZ  7/  "'' '"  '''"  '^"^  »'"'  ''""- 
intensify  in  either  cli^ction  T^"!'?'  '""  ""'T'''"  '^'•'''''  "^  ^^nal 
the  effect  under  conaideSwa?c  net'""'"'",*  ''''*^''  "'^"^'-^  <''«t 
radiation  emitted  by  thTl'^nium  '""'''""•^■'"  ^'^'^^^-'^y 

cylinder  t:';.atTveSn*^^^^^^^  ^"•*-*-'  '^-V  the  lead 

•bove  the  pole,  of  the  mlgnet  b  nch  .  '""'«";'"" '■Camber  ami  also 
from  the  radium  were  diS-tld  a  ™i.ht  "^'f  ''f  '""^  '*"'""«  "^  "^^ 
The  saturation  currents  f^m^gnet  rietl  "n  ',1  It*','""^'"*  ^^amber. 
8H  mms.  of  aluminium  al.fne  eovji  thJ  ^'^'^l""' "'^^ 
measured.  From  the  vnl„„a  r  !i,  '"^^™^  **>«  chamber  were  then 
Table  XX  it  Z  te  s^n  thl'  h'"'  """""'^  "*"*"»  ""'  «^««led  " 
elected  field  inteLtTs  he  same  rrt'tTr  "'"''''''"""«  »"  -" 
Since  the  disposition  of  the  apparatus  in  tht  '"""'  "'  **>«  ««'^- 

tneal  it  follows  that  the  effecTnote^tuh    he  n^'""'  "'*'  ^^™'"«- 
was  not  only  connected  with  some  slr^li  '^      '""'  ""'"gement 

radiation  excited  in  the  a lumrum  T  theT"*'  "'  ''*  ««'^«"^">' 
was   due  evidently  to  a  n^n-"  vmmeL    !  ^''"'^  ™'''''  ''"^  '*  «'«" 
secondary  „ys  in  t'heionli^eSaXr"'    ^''"««"™*'-    of    these 
perim?n;'°"°*'"'^  "  ^'^-^  -  -  -P'anation  of  the  foregoing  ex- 
CD  ti"e  a?umiLl7crn"*::5'^^^^  «  *'»-'ectrode. 
non-symmetrical  arranTment      Frl,^  P°«'tion  of  the  radium  in  the 
it  is  evident  that  the  UnTRt '  whi  ris'^ther'^o'?"""  V'^  ''^"^ 
entenng  the  chamber  will  ma  k  the  line  of  «!«   "  "  T"'  °'  ^  ^y" 
rays,  since  for  aii  other  rays  the  metTrlhT*  .'"''*^  °'  '^'^'^ 
consequently  the  absorption  is  greater    It  fn,I       T^  ^  '""««••  «°d 
also  represent  the  direction  of  the  axtof  *.!-'''.'*'>"  '^'  ^^  ^'" 
of  greatest  intensity  issuin,  f^om  th^  ^i  J  oMhe  !  """'"^  ^^^ 
If  then  the  magnetic  field  wus  applied  in  sm>h  »  !.     '*'!""'"""«  P'ate. 
the  primary  fi  rays  down  into  th/c^r^LXi/.T'"''  ?  *°  '^^««^* 
was  so  situated  as  to  be  affected  rvtklfi  ?!'"'*  ^'^^ '''^'"be' 
secondary  rays  issuing  from  U^etack  of  Z    I     '■  ^'""''^  '^'^'''  *»>« 
same  direction.     With  the  field  in  tt           "'""'"'um  screen  in  the 
";ys  would  be  deflec  J'^pwil,  ":„',^  aTytomT^  ''l  ^"""^^  '^ 
the  secondary  .ys  in  the  cham^r  wouSTtutdty'^t'S;' field^ 
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in  a  similar  way,  i.e.,  with  one  direction  of  the  field  the  axis  of  the 
pencil  of  accondary  raya  correapondinR  to  RA  would  be  turned  anti- 
clockwise, while  with  the  field  reversed  thia  pencil  would  un<lcr((o  a 
clockwise  deflection.  From  the  diagram  shewn  in  FiR.  17  it  can  be 
■een  that  when  the  pencil  of  maximum  intensity  RA  is  given  a  clock- 
wise rotation  the  air  path  traversed  by  it  will  be  lessene<l,  and  con- 
sequently the  ionisation  produced  by  it  reduced.  On  the  other  hand, 
with  the  anti-iiockwise  rotation  the  length  of  path  traversed  by  this 
pencil  will  l)e  increased,  and  hcnco  one  should  not  expect  the  magni- 
tude  of  the  decrease  in  ionisation  following  the  application  of  the  field 
producing  this  deflection  to  bo  as  great  as  when  the  field  applied  caused 
the  rays  to  be  deflected  in  the  opposite  sense.  It  is  e\ident,  too,  that 
the  tertiary  rays  excited  on  the  walls  of  the  chamber  by  the  aluminium 
secondary  rays  would  be  greater  in  the  case  of  the  anti-clockwise 
rotation  of  the  secondary  rays  than  in  experiments  when  the  rotation 
of  these  rays  was  in  the  opposite  direction.  One  naturally  inquires 
why  this  effect  did  not  appear  in  the  experiments  when  tiii  and  lead 
were  used  as  coverings  for  the  openings  into  the  chamber,  and  also 
when  a  thickness  of  0.0784  mms.  of  tinf"  '  was  placed  below  the 
aluminium  cover.     The  probable  explanat.  that  the  transmitted 

secondary  rays  from  tin  and  lead  are  not  so  fective  ionising  agents 
or  so  good  exciters  of  tertiary  rays  as  the  secondary  rays  from  alu- 
minium. The  effect  even  in  the  case  of  aluminium  is  small  although 
quite  noticeable,  and  it  is  probable  theretore,  with  the  weaker  second- 
ary rays  from  the  tin  and  lead  that  the  effect  would  be  very  muca  less, 
and  consequently  masked  by  the  other  influences  present. 

The  experiments  which  have  just  been  described  are  also  inter- 
esting for  the  light  which  they  throw  on  the  nature  of  the  transmitted 
secondary  radiation  excited  in  the  metals  aluminium,  tin,  and  lead  by 
Y  rays.  According  to  the  argument  which  has  been  presented,  it 
follows  from  Bragg's  conclusions,  since  the  secondary  rays  from 
aluminium  are  better  ionisers  than  those  from  tin  and  lead,  that  the 
particles  constituting  these  secondary  rays  must  be  endowed  with 
smaller  velocities  than  those  constituting  the  secondary  radiation  from 
the  other  two  metals.  The  transmitted  y  excited  secondary  rays 
from  aluminium  should  therefore,  from  this  point  of  view,  be  more 
easily  .absorbed  than  those  emitted  by  tin  and  lead. 

This  conclusion  regarding  the  character  of  the  transmitted 
secon.lary  radiation  excited  in  aluminium  by  y  rays  is  in  accord  with 
the  conclusions  of  McClelland,'  Starke'  and  others,  who  have  found 


'  McClelland,  Trans.  Roy.  Dublin  Soc.  S,  p.  169,  1905. 
'  Starke.  Le  Radium,  Feb.,  1908. 
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'•"llected  in  Table  XXI  aid  in  ?.„?«••''"'*  ""''  t^n-mitted  ray-  an 
ne««,  of  the  al,,„rbing  UviJ^l'^  '8curve-are  d«w„  with  the  thick 

r^'ult-  of  the  tranamittecl  r?i  ?•■  '""'*'  ^  "  '^'""«d  f''""  th, 

co'r*ap<.nds  to  the  la^jj':/'""  '"'f'^'nent,  while  the  eurve  J: 

n..ticed  that  the  a-lle  .   "aS- ",,^1  T  7^T^  ""'"•     ''  *'"  ^- 
tenth  that  adopts!  in  lavin/^rthr  if""  ''"'^«  "  ""'y  ""« 

table  and  fr„m  the  form  o  th        ^*'*/"""«'-     ^'^"^  the  reault«  in  the 

of  the  abeorbing  ma  eriirtXn  1'  ""  '"^^"  ^^*  *»>«  ^^-'^l^^ 
rays  were  not  diircUy"  n.r^J'^l  "  "'"P  *''''  ^  «"»'«  >»  """..ndary 
denaitiea  decn-aalT  it  «"  .T  /"""'  *"  '*""  ^'""•*'«'''  ^-t  that  aa  the 
than.houM  haX   eZS  HZT  T"""^'  *"  '^«P  ^'^  «>» 

it  is  highly  nrirbtthr   fr  ""*■''  ^'"^'''««ti«n  alone. 

«econ,larv  ravaVome  "     h«  ^  .""'''i'""'"  <lepth  from  which  the 

/»™y«impi„ge:;?t  ;Vretm^Vt••!."  '"''''"  P'''*^  -»»«-  P^mary 
excited  bvtfe  prLryZTJ^LT'^ 

the  secondary  ravsTxcL    k  .  Th  ™  •'      '^"^  ""''''•     '"''"*■  '^ 

"f  the  same  penetmbi  i^  one  Ih  .nT''^ '"  *''"  '*'^'^«  '"^^'"^  "«  "" 
they  are  /S  n,v8  Tf  n,     !  '  ^"P*"*  ""  ^^'^  assumption  that 

trabiiity  founTf^r  tt   "T    ."  '*P'"^^"^'"«  *»>«  ™-ximL  pene 
sorption  law  4h  ref^^nce tlT,™':  ""k"  '•""^-  *'^«  -'"^"b- 

-ntingthemaximun^^,";  r^ij^ttT  ''"'*''  """^^  "P^ 
In  other  woHs.  thet  v,.  curi.  4  ^  L  r'"""^ '"'^^'^^'''^f''''''"''''- 
the  secondary  rays  x  dt".!  ^h"":^.  '^""'*'  **  ^™""  '"  ^"""  ^^ 
penetrability:  H„t  it  L  e  Vf"  1  f.  ""^  ""''"''  ''''''''  '"^^  ^'^'"e 
intersect  in  the  figu.t  t  mT  hey   I      7""'."  "^"*' ^''^  ^^'^''^-es 

'7,    It  will  be  3'en  from  t      r,.';  B  t  at'  h  ''^  ""^  "'^^"^P''- 
bihties  of  the  secon.lary  /S  ml         ,  .        *  *^^  maximum  penetra- 

.P^riments.approximlte\e'^^rcKi.::to?Hr:'  ^V''  T''''"''  '- 
•n  a  striking  manner  the  imnnr      1         ,  '  '*'**"'"  ^hich  exhibits 

in  plates  of  .lifTe^n  met  I  Tn  /"''  ''"*  T''''''"'  ™>-«  ^'^^^ed 
are  the  more  penetratfyf  he  I^'"  ^  '•'  ""^  ^"•^^^'^  t"  f»"  on  them 
the  reflector  is  nm.™  '^       "  ^'''  ^^'""'^"^  °^  ^^^^  '"etal  of  which 
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VI Jl.    Summary  of  Rtnltt. 

1.  The  4  rtdlatioii  from  radium  bromide  which  inrludee  the 
0  rmdiatioM  from  all  the  radium  producU  in  the  equilibrium  state 
will  not  produce  any  ioniiation  on  the  fur  tide  of  a  plate  of  aluminium 
7  mma.  in  thickneM,  of  a  plate  of  tin  2.5  mnw.  in  thiclcnesa,  or  of  a  plute 
of  lead  .0  mma.  in  thickneaa. 

2.  The  maximum  aecomlary  radintii)n  emitted  from  the  front 
aide  of  platea  of  the  metab  aluminium,  tin,  and  lead,  when  bombarded 
by  0  rays  are  given  by  the  following  thicknesses; 

Aluminium 0.4  mms. 

Tin 0.24  mms. 

I^«d 0.16  mms. 

3.  The  transmitted  secondary  radiations  excited  by  \  rays  in 
lead  fcud  tin  are  more  penetrating  than  the  transmitted  secondary 
ra''    '^'i  excited  in  aluminium  by  the  same  rays. 

When  /S  rays  are  allowed  to  fall  in  turn  on  reflectora  of 
different  ntietab  it  is  found  that  the  greater  the  density  of  the  metal 
from  which  the  reflector  is  made  the  greater  is  the  penetrability  of  the 
reflected  secondary  rays  excited  by  the  (3  radiation. 

5.  From  the  experiments  «)n  the  transmission  of  fi  rays  through 
sheets  of  aluminium  foil,  it  has  been  shewn  that  when  very  thin  sheets 
of  the  metal  are  used,  the  ionisation  at  first  contributed  by  the  trans- 
mitted secondary  radiation  excited  by  the  /»  rays  is  greater  than 
that  lost  through  absorption  of  the  primary  rays. 

In  conclusion  I  wiah  to  express  my  best  thanks  to  Prof.  McLennan, 
at  whose  suggestion  the  investigation  was  undertaken,  for  his  help  and 
advice  and  unfailing  kindness  throughout  the  course  of  the  research. 


70 


«OTAI,  aOGLBTT  O*-  CAXADA 


TABLP  T 
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h  primary 


Icnesaea 


VIII 
mm. 
3.136 


13.08 

12.87 

12.73 

12.66 

12.61 
12.45 

12.29 
12.28 
12.22 

12.1 


TABLE  II. 

lonisation  by  p  tranamitted  secondary  rays  from  tinfoil  with  primary 
rays  deflected  up  from  chamber. 

Cur- 
rent in 

Saturation  current  (arbitrary  scale)  for  different  thicknesses  of  tinfoil. 

mag- 
net. 

I 

nun. 
0.0 

II 

nun. 
0.0196 

III 

nun. 
0.0784 

IV 

mm. 

0.1568 

V 

mm. 

0.3136 

VI 

nun. 
1  254 

VII 
mm. 
1.96 

VIII 

mm. 

3.3136 

0.0 

46.6 

41.7 

26.4 

22.1 

19.1 

16. 25 

14  55 

12.82 

0.7 

14.7 

0.86 

23.2 

20.9 

20.1 

18.3 

14.34 

1.45 

10.5 

1.70 

19.5 

19.0 

18.0 

12.56 

1.80 

18.4 

15.84 

2.5 

17.9 

15.84 

12.52 

3.8 

7.6 

17.3 

17.9 

18.2 

17.7 

15.73 

12.44 

5.0 

17.8 

17.9 

17.8 

15.68 

12.4 

6.6 

7.41 

•   •   .  * 

17.5 

17.8 

17.3 

15.58 

14.15 

12.36 

7.0 

16.9 

10.0 

16.8 

17.2 

15.21 

14.09 

12.26 

12.0 

17.9 

17.6 

15.0 

7.23 

16.6 

17.9 

17.0 

15.29 

13.9 

12.10 

17.5 

21.0 

7.14 

16.3 

17.3 

16.9 

15.17 

13.87 

12.06 

26.5 

16.2 

17.6 

17.2 

16.8 

13.79 

TABLE  IV. 


"'"^""^-"'""'.raS"-  '""■^-^^^^ 


oun.  I  nun, 
1  M     3.130 


H.4  I  12.37 

r 

14.1  I  12.37 
I. 


VIII 
nun. 
1.96 

1230 
920 

230.2 
86.4 
57.3 
47.7 
43.5 
41.0 
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TABLE  V. 
lonisation    by  /?  transmitted  secondary  ravs  from   leatl    foil    with 
primary  rays  deflected  down  into  chamber. 


JMax.  ft  +  (i  gecon- 
ThicknesB  of  tm  foildaiy  +  v  -i.  y  gee- 
over  bottom  of     :  „„j„„,  'i   '    ' 
chamber.  1  °^^^^  +  natural 

ionisation. 


y  +  y  secondary  -\- 
natural  ionisation. 


mm. 
0.0000 

0.0081 

0.0196 

0.039 

0.0784 

0.1568 

0.6272 

1.96 

1086 
1121 
1165 
1198 
1225 
1230 
1234 
1230 


Max.  ft  +  ft  secon- 
dary ionisation. 


51.8 

1034.2 

47.5 

1073.5 

44.7 

1116.3 

44.7 

1153.3 

42  6 

1182.4 

43.2 

1186.8 

43.2 

1190.8 

41.5 

1188.5 

TABLE  VI. 
Ionisation   by  ft   traasmitted  secondan      lys   from    lead    foil    with 
primary  rays  deflected  down  mto  chamber. 


Current  in 
magnet. 

Saturation 

current  (arbitrary  scale),  with  different  thickn^ssca  of 
lead  foil. 

(amperes) 

I 

mm. 
0  0 

II 
mm. 
.241 

III 

mm. 

.482 

IV          i           V 

mm.         j        mm. 
723         1          964 

0  0 

£6.5 

21.1 

19.6 

16  9         j         16  5 

.2 

95.8 

.... 

.85 

294.8 

21.9 

16.3 

1.35 

383.3 

1.70 

359.3 

2.5 

302.6 

30.0 

20.4 

16  9         1         16  2 

4 

48.7 

22.6 

.... 

15  9 

4.5 

118.5 

17.0 

5. 

50  4 

24.8 

17.4 

.... 

6.5 

68.0 

17.34 

7. 

25.4 

15.8 

10 

41.5 

35  4 

24.0 

17.03 

15  7 

15 

26.4 

27.9 

21  6 

16  45 

15  4 

22.5 

IS  0 

23  3 

19.5 

16  45 

15  4 
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TABLE  VII. 

Ionization  by  /?   transmitted  secondary  my,  f^on,  I..H  r  •.      ■ 
. Pn'naryrays^ected  up  frorchamSr  ''' 


Remarks. 


'^'chamter."^.  .""''  °^'*'  '^  '"P  »' 


TABLE  VIII. 

Saturation  Current, 
mm.    I    n^.    I    ^^ 

0  I     -241     I     .482 


Max.  /y  +  /?  secondary  -l-y4.yi 
secondary  -}.  natural ionisitiJn.n     353 , 2 


II. 


1'  +y  secondary  natural  ionisat 


8.4       19.4 


III. 


•Max.  /J_j.  fi  secondary  ionisat 


'01        374.8  I     31.5 


mm. 
723 


50.9         25.8 


mm. 
.964 


17.5         15.6 


''■7         16.5         15.6 
SI  10  0. 
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TABLE  IX. 
lonisaiion-by  ft  reflected  secondary  rays  from  lead  foil. 


Current  in 
magnet. 

(amperes) 

Saturation  current  (arbitrary  scale)  for  different  thickneaws  of 
lead  foil. 

I 
mm. 
0.0 

II 

mm. 
.066 

III               IV                 V 

mm.           mm.             mm 
093             0.116            .241 

VI 
mm. 
.964 

0 

1161.0 

1315 

1337 

1349        1349 

1340 

8 

799.0 

809.8 

818.5 

801.3 

2.5 

146.0 

147  8 

....       i 

139.8 

145 

4.5 

64.9 

59.5 

i 

! 

65.3 

63.8 

6.5 

58.9 

54.7 

54.2 

55.5 

10. 

57.8 

56  3 

58.3 

56.1 

15 

58.9 

67.8 

58.6 

6i>.0 

56.6 

22 

57.8 

56  9 

57.2 

56.6       j 

56.9 

56.9 

28 

56.9 

56.1 

56.3       1       56           j       55.3 

55.8 

TABLE  X. 

Thickness  of  lead 

over  bottom  of 

chamber. 

Max.  /»  4-  /J  aecon- 

dao-  -\-y  +  y 

secondary  natural 

ionisation. 

y  +  y  secondary  -\. 
natural  ionisation. 

! 

-  Max.  (i-\-  (i  secon- 
dary  ionisation. 

mm. 

0. 

.161 

57.8 

1103.2 

.066 

1315 

56  9 

1258.1 

.093 

1337 

56.7 

1280.3 

.116 

1349 

57.3 

1291.7 

.241 
.!«i4 

1349 

1340 

r..V6 
od.2 

1293.4 
12S3.8 
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TABLE  XL 


Cur- 
rent 
in 
mag 

net. 
kmp.  ! 


lonisation  by  fi  transmitted  secondary  ravs  fmm      i      •  • 


VI      I      VII 
mm.  mm 

4-73    I      8.1. 


Cur 
rent 
in 
mag- 
net, 
amp. 


TABLE  XII. 


.!!!:!:i"'™^=i&^i^p^ 


VII 

mm. 

8.14 

12.32 


12  24 
12.22 
12  15 
12.13 
12  09 
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TABLE  XIII. 


Remarks. 


Silt  unit  ion  nirrrtit. 


mm.  I      mm.        mm.        ,,1111.     mm.      mm.  :  mm. 

i 


Tliickne.s8  of  alinirniimi  over! 
the  top  of  chamber.  j      00  j     flOOo  L'S      1    is4     341      473     n. 14 

I 
Max.    ■?+ }     secondary     ^ 

;+!     secondary    ±    nat- 
ural ionisation 

II 

?  +  ■/    secondary    +    natural 
ionisation 

Ill 
-Ma.x.    ,i-\-3  secondary  ioni- 
sation   


IV. 


365         396  5  2.S7  5  79  3  20  3  13  5  IJ  -J 

'-  «  ,     JO  -'  H  12  3  13  1  12  3  ,  11.7 

352  4     386  3  276  5  67  0  7  2  12  ,5 

352  4     ;iS0.3  270  5  67  0  ;  6  7           7  .0 


TABLE  XIV. 
lonLsation  by  /i  reflected  secotiilary  ray.s  from  aluininiinn. 


ijaturation 

currents,    (.\rbit 
alum 

-    -■   .   -    



Current  in 
magnet. 

rary  Scale.) 
iniutn  foil. 

Dififerent  thicknesses  of 

amperes. 

I 

mm. 
0065 

II 

mm. 

026 

' 

Ill 

mm. 
.065 

IV 

nun. 

280 

r 

\ 

nmi. 
963 

0,0 

1106 

1126 

1140 

1176 

IIM 

.8 

709  .S 

716  5 

' 

,,S5 

.... 

1 

684  3 

710  (1 

723.9 

2.5 

127  1 

128  9 

116  5 

125  8 

170  4 

4  5 

6<i.8 

58  0 

65  7 

59  2 

62  1 

0.5 

57  4 

52  0 

55  5       1 

49  5 

52  ( 

15 

57.7 

55  2 

1 
58  0 

54  3 

53  2 

23 

56  1 

54  5 

.56  6 

53  4 

52  5 

1 

53 . 4 

54.7 

52. 

51.5 

78 


ROYAL  SOCICTY  OF  CANADA 


TABLE  XV. 


fhickneMs  of  alunii' 
nium  foil  over  bot- 
tom of  chamber. 


mm. 
.0005 

.020 

.063 

.280 

.903 


.Max  (i  +  fi  second- 
ary +  y  +  y 
ondary  -f-  natural 
roniitation. 


1106 
1126 
1140 
1176 
1181 


y  +  y  secondary  -f  Wx.  /»  -f  rt  «« 
natural  ionigafion,  ;    dary   ioniMtioi 


67.1 

1048. U 

53.8 

1072.2 

56  2 

1     1083.8 

52.3 

1123.7 

52.5 

1128  5 

TABLE  XVI. 
Thickness  of  lead  ,  ver  the  top  of  the  chamlM>r  -  .904  mn.s 

J^ad  above  ahimmiuni. 
/i  rays  <leflecte<l  towanis  chamber.     /S  rays  deflected  away  from 

(•haml)er. 


Current  through     Saturation  current, 
iiiagnet. 


0      amperes 

2.5 

4.5 

6.5 
10 
15 
22 


10.85 

10.94 

10.87 

10.89 

10.70 

10.67 

iO.6.-, 


^"'^ma^er'"     ^''*"^«'°" -'^rent. 


0      amperes 

2.5 

4  5 

6.5 
10 
1,5 
21 


10.  OS 
10.74 
10.37 
iO.lO 
9.88 
9.74 
9.60 


'  -{-(i  aecood- 
ioniution. 


048.0 

072.2 

083.8 

123.7 

128.5 

niniM. 
1. 7.5  mms. 

from 


n  current. 

OS 

74 

37 

10 

.88 

74 

10 
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TABLE  XVII 

Thicknefla  of  aluminium  over  the  top  of  chamlKT— 8 . 1 4  mms. 
Radium  on  opposite  of  chamber  from  its  ut<iiai  position. 
P  rays  deflected  towanls  chamber,     fi  rays  .leflected  awiiy  from 

chamber 


Current  through       Saturation  current 
magnet. 


Current  through     '.Saturation  current, 
magnet . 


2  5 

4  5 

7 

10 

IS 

22.5 

12 

.50 

12 

43 

12 

32 

12 

00 

U 

70 

11 

43 

11 

11 

10  91 

TAHLR  XVIII. 

Thiclinessof  ahiminiiiinovcrthc  top  of  chamber— S.14  mm.s. 
Thickness  of  tin  over  the  top  of  chamlier— .OlOfi  mias. 
Aluminium  above  tin. 
fi  rays  deflected  towards  chamber.       /S  rays  deflected  away  from 

chaml)er. 


Current  through 
magnet. 

Saturation  current. 

Current  througlj 
1           magnet. 

1 

1  Saturation  current. 

0      amperes 

16  31 

0      amperes 

16  2t) 

2.5 

16  29 

2.5 

16  06 

4.5 

16.08 

4.0 

15  77 

6.5 

15.80 

6.5 

15  43 

10 

15.75 

10 

15.;« 

15 

15.60 

15 

14.89 

23 

15  43 

22 

14  74 

so 
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TABLE  XIX. 


ft  ra.v.  <lefle...e.l  towanln  cham.3er.     /»  ra.VH  .leflect^-l  awav  fron 

_.  chamlxT. 


Currpiil  Ihroiinh 

Maturation  current . 

Current  throuxh 
mafnct. 

Haturntinn  ourrp 

0       aiii|M>rt>M 

I«  00 

0      uni[i(Trii 

10  10 

2  'i 
4  35 

1«  04 
15  mi 

4  5 

10 

15  (M> 
15  .'Hi 

6  5 

10 

l.-i  tW 
1544 
15  ;»5 

15 

•>■> 

15  ;w 

15  17 

IH 

15  10 

■    ■    ■ 

TABLE 

XX. 

«  r»,v,  .lorwicl  ,„war,l,,  ,.h„mhcr.    >„ys  ,,,,„,„,,  „„,  ,„, 
phamfxT. 


Current  through 
nmgnet . 


Saturation  current  '     ^"'■'^""•iroiigh 
■  iiiagtiet . 


•>      amperes 


4  3 
t>.4 

10 

15 


15  r.9 

1           0 

'-.  ;u 

;i 

15  13 

4  5 

14  97 

6.3 

14  HI 

10 

14  S9 

15 

14  72 

1>2  5 

TABLF 

XXI. 

amperes 
atnpeics 


Sat      it  ion  current 


15  .$7 
15  .JI 
15  2.J 
14. 7H 
14  (Mi 
14  ,S2 
14  74 


Thickness  required  to  ab-- 
sorl)  ,i  and  ,i  secondary 
radiation j 

Tliickncs,.!  giving  maximum' 
reHectcd  .^condary  radia- 
tion due  to  ,i  rays.   .....'• 

Den 


isity. 


11 


•  16  mm. 
3 


2.5  mm. 

.24  mm. 
7  3 


7  mm. 

■  4  m-n. 
2.r. 
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4  mnw. 
'ay  fnttn 

itionnirrent. 

10  10 
1.5  m 
ir,  K 
i:.  ;)9 

l.")  17 


mrn.s. 
way   from 

on  current. 


'•  «Wf^»tw»t«i 


37 
.31 
■2:i 

.78 

..S2 
74 


FiR.  1 


iitiium. 


mm. 


I 


88 
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Secondary  Rays  Excited  by  the  Alpha  Rays. 


ON  THE  SECONDARY  RAYS  EXCITED  BY  THE  ALPHA  RAYS 
FROM   POLONIUM.— I. 


By  V.  E.  Pound,  M.A.' 


(Read  ijth  January,  1912). 

I.  Introduct'-n. 

Recent  researches  have  shewn  that  radioactive  materials  from  which 
o  rays  are  sent  off  also  emit  a  radiation  of  negatively  charged  particles, 
which  will  not  ionise  a  gas,  and  which  has  been  called  S  rays.  The 
other  characteristics  of  this  radiation  are  that  ii  is  easily  absorbed,  it  is 
easily  deflected  by  a  magnetic  field  and  it  is  stopped  by  a  small  positive 
charge  placed  upon  the  radioactive  substance  emitting  it.  Still  lat^r 
researches  by  Logeman*'  have  shewn  that  when  a  rays  fall  on  a  polishes, 
piece  of  metal  such  as  copper,  this  metal  emits  a  secondary  radiation 
with  characteristics  similar  to  those  of  the  8  rays.  '  rther,  it  has  been 
found  by  Duane*'  that  the  <«  rays  lose  their  power  to  produce  secondary 
rays  at  the  same  time  that  they  lose  their  charge  and  their  power  to  ion- 
ise a  gas. 

The  present  paper  describes  some  experimrn.s  on  these  secondary 
rays  produced  by  the  a  rays  of  polonium.  Th«..  apparatus  employed  at 
first  was  somewhat  similar  to  that  used  by  Logeman  when  he  proved  the 
existence  of  this  secondary  radiation  from  metals  bombarded  by  o  rays. 
In  the  experiments  to  be  described  exhaustions  were  made  with  a  Gaede 
pump  and  the  pressures  were  measured  with  a  McLeod  gauge. 
II. — Description  of  Apparatus. 

The  apparatus  used  in  the  initial  experiments  is  shewn  in  Fig.  1. 
It  consisted  of  a  brass  cylinder  about  4  cm.  in  diameter  and  9  cm.  in 
length  which  had  an  ebonite  plug  fitting  into  each  end.  Through  one 
of  these  plugs  was  lead  a  brass  rod  which  carried  a  round  brass  electrode 
B,  about  15  mm.  in  diameter.  The  electrode  B  was  surrounded  by  a 
circular  guard  ring  C.  Through  the  other  plug  was  led  another  brass  rod 
and  it  carried  the  second  electrode,  A.  A  circular  surface,  ab,  of  this  elec- 
trode  A,  about  15mm .  in  diameter  w,^s  coated  with  a  deposit  of  polonium. 

•Presented  by  Prof.  J.  C.  McLennan. 

J     Du^°^t^^"'  P"""*:.  Roy.  Soc.  Series  A,  Vol.  78.  Sept.  6.  1907.    E.  Aschkin^ss,  Ann. 
der  Phys.  No.  12,  1908. 

••  Duane,  Comptea  Rendus,  May  25, 1908. 
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The  distance  between  the  polonium  deposit  and  the  surface  of  the  electrode 
B  was  6  mm.  The  polonium  and  the  surface  of  the  electrode  B  were  coaxial. 
The  brass  cylinder  which  was  made  air-tight  with  wax  was  connected  to 
the  McLeod  gauge  and  the  Gaede  air-pump  by  a  tube  D.  The  polonium 
coated  electrode,  A,  was  connected  to  a  battery,  and  the  brass  electrode, 
B,  to  a  sensitive  quadrant  electrometer.  The  brass  cylinder  surrounding 
the  two  electrodes  was  connected  to  earth. 

III. — Repetition  of  Logeman's  Experiment. 

The  experiment  which  Logeman  made*'  was  first  repeated,  and  the 
results  obtained  were  similar  to  those  obtained  by  him  with  identical 
electrical  fields.  The  experiment  was  conducted  in  the  following  man- 
ner. By  means  of  the  Gaede  pump  the  air  was  pumped  out  from  the 
apparatus  to  as  low  a  vacuum  as  possible.  The  pressure  of  the  air  was 
measured  by  means  of  the  McLeod  gauge,  and  when  the  pressure  be- 
came so  low  that  the  McLeod  gauga  could  not  measure  it,  which  was  less 
than  i/iooo  of  a  millimetre  of  mercury  the  polonium  was  connected  to 
earth  and  the  rate  of  charging  of  the  brass  electrode  opposite  was  meas- 
ured by  means  of  the  electrometer.  Then  the  polonium  was  charged  to 
a  series  of  different  potentials  by  means  of  a  storage  battery,  and  the  cor- 
responding rates  of  charging  of  the  brass  electrode  were  ascertained. 
Throughout  the  experiment  the  Gaede  pump  was  kept  going  continu- 
ously in  order  to  withdraw  any  gas  which  might  come  from  the  walls  of 
the  apparatus. 

The  results  which  were  obtained  are  given  in  Table  L 

Table  L 


Pressure  less  than  .001  mm. 

Distance  between  electrodes  6  mm. 

Voltage  on  polonium. 

Rate  of  charging. 

0.    volts 

-49 

•44  " 

-16 

a.i    " 

45  I 

7 

81 

19 

895 

40 

88.5 

76        " 

86 

179        " 

83 

358        " 

80 

502 

755 

In  column  I  is  given  the  voltage  applied  to  the  polonium,  and  in  col- 
umn II  the  charge  gained  per  minute  by  the  brass  electrode  opposite 


•»  Proc.  Roy.  Soc.  Vol.  78,  Sept.  6,  1907. 
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the  polonium,  as  measured  by  the  quadrant  electrometer.     A  curve  rep- 
resenting these  results  is  shewn  in  Fig.  2. 

It  is  evident  from  the  results  given  in  the  Table,  and  from  the  curve, 
that  when  the  polonium  was  at  zero  voltage  the  charge  gained  by  the 
brass  electrode  was  negative.  It  is  also  evident  that  as  the  voltage  on 
the  polonium  was  increased  positively  the  charge  gained  by  the  electrode 
increased  from  a  negative  charge  to  a  positivr  one,  and  that  at  a  poten- 
tial of  about  20  volts  the  rate  of  charging  became  a  maximum.  This 
result  agrees  with  the  result  published  by  Logeman.  This  can  be  seen 
from  the  numbers  recorded  in  his  paper,  a  few  of  which  are  given  in  the 
following  table.  The  results  can  be  readily  compared  because  the  dis- 
tance between  the  polonium  and  the  opposite  electrode  was  about  the 
same  as  that  in  Logeman's  apparatus. 

Logeman's     Results. 


Distance  between  electrodes    5  mms. 

-  J*^*"''*L°"  f.°'9?'!'lP-  .                         Reading  of  current  to  electrode. 

0  volts 

-58.0 

2        •• 

86 

13       " 

1 8a 

14       •' 

185 

It  will  be  seen  however,  from  the  curve,  that  as  the  potential  on  the 
polonium  was  increased  beyond  20  volts,  the  rate  of  charging  of  the  elec- 
trode gradually  decreased.  This  effect  does  not  appear  to  have  been 
observed  by  Logeman.  In  searching  for  the  explanation  of  it,  further 
interesting  properties  of  the  secondary  rays  were  found  by  the  writer 
which  have  not  as  yet  been  noted  by  other  experimenters. 

Before  seeking  for  an  explanation  of  the  results  given  in  Table  I, 
and  shewn  graphically  in  Fig.  2,  it  is  necessary  to  enumerate  the  differ- 
ent currents  which  would  give  a  charge  to  the  brass  electrode  B.  In  the 
first  place  there  would  be  a  current  due  to  the  passage  of  the  a  rays  from 
the  polonium  across  the  space  separating  the  polonium  from  the  elec- 
trode. Since  the  a  rays  are  positively  charged  particles  this  current 
would  charge  the  electrode  positively.  Then  there  would  be  a  current 
of  negatively  charged  particles  from  the  polonium  which  would  reach 
the  electrode.  This  current  is  known  as  the  S  radiation  and  always 
accompanies  a  discharge  of  a  particles.  The  passage  of  this  current 
would  give  a  negative  charge  to  the  electrode.  Again  there  would  be  a 
stream  of  negatively  charged  particles  omitted  by  the  electrode. 
The  researches  of  Aschkinass  and  Logeman  have  proven  this  stream  to 
exist  whenever  a  substance  is  bombarded  by  «  rays,  and  it  has  been 
called  the  secondary  radiation.     The  emission  of  this  stream  of  negative- 
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ly  charged  particles  would  have  the  effect  of  charging  the  electrode  posi- 
tively. Finally,  there  would  be  a  current  through  the  air  in  the  chamber, 
due  to  the  ionisation  of  the  air  by  the  a  rays.  This  last  current  would 
charge  the  electrode  positively,  since  the  polonium  was  positively  charged. 
This  current  which  we  will  call  the  ionisation  current,  would  be,  in  all 
probability,  very  small,  on  account  of  the  small  quantity  of  gas  in  the 
chamber. 

Let  us  now  consider  what  would  be  the  effect  on  these  different 
currents  of  increasing  the  positive  potential  on  the  polonium  from  zero 
upv^ards.  The  number  of  <>  particles  emitted  per  second  by  the  polon- 
ium could  not  be  changed  by  increasing  the  potential  for  it  is  found  im- 
possible to  change  the  rate  of  emission  of  the  «,  0  and  y  rays  from  the 
radioactive  substances  by  any  known  agency.  The  increase  of  the  po- 
tential on  the  polonium  might,  however,  increase  the  speed  with  which 
the  a  particles  passed  from  the  polonium  to  the  electrode.  If  this 
were  the  case,  since  it  has  been  shewn  by  different  experimenters,  in- 
cluding Geiger  and  Marsden**  that  a  rays  are  reflected  to  some  extent 
from  the  substances  they  strike  this  increase  in  velocity  might  cause  a 
more  profuse  reflection  of  the  a  rays  from  the  electrode.  Hence  as  the 
potential  was  increased  there  would  be  fewer  and  fewer  a  particles  which 
would  remain  attached  to  the  electrode  and  this  would  cause  the  positive 
rate  of  charging  of  the  electrode  to  decrease. 

The  effect  of  increasing  the  positive  potential  on  the  polonium  could 
only  tend  to  retard  more  and  more  of  the  8  rays  which  are  negatively 
charged  and  of  slow  velocity.  Hence,  on  account  of  the  stopping  of  these 
rays,  the  rate  of  charging  of  the  electrode  positively  must  have  increased. 
In  fact  the  sharp  rise  in  the  first  part  of  the  curve  shewn  in  Fig.  2  has  been 
attributed  by  Logeman  and  others,  and  very  probably  correctly  so,  to 
the  stoppage  of  the  8  rays  by  the  positive  charge  on  the  polonium. 

Again  the  increase  of  the  positive  charge  on  the  polonium  must  tend 
to  produce  a  freer  discharge  of  negative  electricity  from  the  electrode, 
since  a  positive  charge  on  the  polonium  attracts  negative  from  the  elec- 
trode. The  primary  cause  of  this  discharge  would  be,  of  course,  the 
bombardment  of  the  electrode  by  the  a  rays,  and  this  is  what  we  have 
called  the  secondary  radiation.  An  increase  in  the  amount  of  secondary 
radiation  discharged  from  the  electrode  would  increase  the  rate  at  which 
the  electrode  charged  positively. 

Finally,  the  increase  of  potential  on  the  polonium  wou'd  have  the 
effect  of  increasing  the  ionisation  current  from  the  polonium  to  the 
electrode  through  the  gas,  and  this  would  cause  the  positive  rate  of  charg- 


•  » G«iger  and  Marsden,  Proc.  Roy.  Soc.  Ser.  A.  82,  July  31, 1909. 
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ing  of  the  electrode  to  increase  since  the  charges  on  the  polonium  were 
positive.  There  is,  however,  one  factor  which  may  have  influenced  the 
experiment  and  which  must  be  considered  here,  and  that  is  that  the  Gaede 
pump  was  kept  going  continuously  in  order  to  keep  the  pressure  low. 
The  readings  were  not  taken  until  the  pressure  was  less  than  l-iooo  of 
a  mm.  of  mercury  but  yet  the  pressure  may  have  decreased  still  further 
while  the  readings  were  being  taken  and  on  account  of  the  decrease  in 
the  pressure  the  ionisation  current  may  have  also  decreased.  It  is 
evident  that  this  would  cause  a  decrease  in  the  positive  rate  of  charging 
of  the  electrode. 

It  is  seen,  therefore,  that,  according  to  the  above  explanations  of 
the  charging  of  the  electrode  by  the  different  currents,  there  are  only 
two  things  which  might  cause  a  decrease  in  the  rate  of  charging  of  the 
electrode  positively  as  the  potential  on  the  polonium  was  raised  positively. 
Either  there  might  be  a  more  profuse  reflection  of  a  rays  from  the 
electrode,  and  so  reduce  its  rate  of  charging  or  there  might  be  a  gradual 
decrease  in  the  ionisation  current  due  to  the  lowering  of  the  pressure  of 
the  air  in  the  apparatus. 

Now  it  is  evident  from  the  curve  given  in  Fig.  2  that  there  was  a 
gradual  decrease  in  the  rate  of  charging  of  the  electrode  after  the  poten- 
tial of  the  polonium  was  increased  beyond  20  volts.  In  order  to  find  out 
how  much  of  this  decrease  or  whether  any  at  all  was  due  to  the  withdraw- 
al of  more  air  from  the  apparatus  after  it  was  exhausted  to  a  very  low 
pressure  the  experiments  described  in  the  following  section  were  per- 
formed. 

IV. — Ionisation  Experiments. 


In  the  first  experiment,  the  polonium  was  charged  to  a  positive  po- 
tential of  77  volts.  It  was  found,  that  with  the  polonium  at  this  poten- 
tial the  8  radiation  was  practically  all  stopped.  The  Gaede  pump  was 
started  and  the  air  which  had  stood  in  the  apparatus  for  a  week,  at  at- 
mospheric pressure,  was  pumped  out  until  the  pressure  as  measured  by 
the  McLeod  gauge  was  less  than  i/iooo  of  a  mm.  of  mercury.  The  time 
taken  by  the  pump  to  do  this  was  about  15  minutes.  Then,  while  the 
pump  was  kept  continuously  going,  readings  were  taken  of  the  rate  of 
charging  of  the  electrode  at  different  intervals  of  time.  It  was  hoped  in 
this  way  to  get  some  idea  of  the  effect  of  the  withdrawal  of  the  air  on  the 
ionisation  current  between  the  polonium  and  the  electrode.  In  Table  II 
the  results  obtained  are  given. 
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Table 

II. 

Air  in  apparatus. 

BraM  electrode  B 

Voltase  on  polonium  > 77  volts. 

Time. 

Current  to  electrode. 

0  minutes 

97 

5 

81 

10 

76 

15 

675 

as      " 

64 

130         " 

S9 

130         " 

59 

The  first  column  states  the  time  between  any  reading  and  the  ini- 
tial reading,  while  the  second  column  gives  the  rate  at  which  the  electrode 
charged  up. 

As  shown  by  the  table  the  rate  at  which  the  electrode  gained  a  charge 
decreased  with  the  time  and  finally  came  to  a  constant  value. 

In  this  experiment  the  polonium  was  at  the  same  voltage  all  the  time, 
hence  there  could  be  no  change  in  the  rate  of  charging  of  the  electrode 
due  to  a  change  in  voltage.  Therefore,  according  to  the  theory  of  the 
charging  of  the  electrode  as  outlined  in  the  previous  section,  the  gradual 
drop  in  the  rate  of  charging  of  the  electrode  as  the  time  passed  could  only 
be  due  to  a  decrease  in  the  ionisation  current  through  the  gas.  This 
decrease  could  be  attributed  to  a  farther  withdrawal  of  air  from  the  ap- 
paratus by  the  pump  after  the  pressure  had  been  reduced  to  less  than 
i/iooo  of  a  mm.  of  mercury.  If  this  were  the  case  this  decrease  in  ioni- 
sation would  continue  until  the  pressure  of  the  air  in  the  vessel  reached 
a  constant  value.  Then  the  air  withdrawn  by  the  pump  would  be  equal 
to  the  air  which  oozed  out  from  the  sides  of  the  vessel.  The  final  con- 
stant value  for  the  rate  of  charging  of  the  electrode  would  denote  this 
equilibrium  condition  between  the  air  taken  away  by  the  pump  and  the 
air  which  oozed  out  from  the  walls  of  the  chamber. 

If  the  above  explanation  is  correct  then  if  the  apparatus  were  filled 
with  another  gas  than  air  such  as  hydrogen,  and  the  experiment  were 
repeated  as  with  the  air  there  would  again  be  a  final  pressure  and  also  a 
final  ionisation  current  through  the  hydrogen.  But  on  account  of  the 
different  nature  of  the  two  gases  this  final  ionisation  current  would  be 
different  in  the  two  cases  and  hence  the  final  rate  of  charging  of  the  elect- 
rode would  also  be  different  in  the  two  cases. 

In  order  to  find  out  whether  this  was  true  the  apparatus  was  filled 
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with  pure  and  dry  hydrogen  and  I«>ft  standing  over  night  at  atmospheric 
pressure.  Previously  the  apparatus  had  been  depleted  as  much  as  pos- 
sible  of  air  by  keeping  it  at  low  pressure  and  pumping  out  the  air  which 
came  from  the  walls.  The  polonium  was  charged  to  a  positive  potential 
of  77  volts,  the  hydrogen  was  pumped  out  to  less  than  1/ 1000  of  a  mm.  of 
mercury,  and  then  readings  were  taken  as  with  the  air  of  the  rate  of 
charging  of  the  brass  electrode  and  are  given  in  the  following  table. 


Table  III. 


BrsM  electrode 

Hydrogen 

in  Apparatus. 
Voltage  on 

polonium  ==  77  volts; 

Time. 

Curr< 

;nt  to  electrode. 

0  minutes 

86.6 

6      " 
16      " 
31       " 

73   I 

65  I 
63.6 

91      " 

59  5 

95      " 
131        " 

59-5 
590 

It  will  be  seen  on  looking  at  the  Table  that  there  was  a  decrease  in 
the  rate  of  charging  of  the  electrode  with  the  time  as  with  the  air.  On 
comparing  Table  II  and  Table  III  it  will  also  be  seen  that  the  initial 
rates  of  charging  of  the  electrode  were  different  with  the  two  gases  but 
the  final  rates  were  the  same.  The  experimental  results  therefore,  did 
not  agree  with  the  predicted  results,  for  it  was  predicted  that  the  final 
rate;  of  charging  of  the  electrode  would  be  different  using  two  different 
gases  on  account  of  the  difference  in  the  final  ionisation  currents  through 
air  and  through  hydrogen.  The  experimental  results,  go  to  show  that 
the  final  ionisation  currents  were  the  same.  This  seemed  hardly  pos- 
sible on  account  of  the  difference  in  density  of  the  two  gases.  Another 
explanation  of  the  reason  why  these  two  final  rates  of  charging  were  the 
same  was  therefore  looked  for.  The  simplest  one  that  suggested  itself 
was  that  when  the  final  rates  of  charging  were  the  same,  there  was  such  a 
small  quantity  of  either  air  or  hydrogen  in  the  apparatus  that  no  ioni- 
sation current  was  possible. 

The  next  question  that  naturally  arose  was  whether  all  of  the  drop 
in  the  rate  of  charging  of  the  electrode  was  due  to  a  drop  in  the  ionisation 
current  through  the  air  and  through  the  hydrogen.  In  order  to  answer 
this  question  the  following  experiment  was  performed.  It  was  found 
that  if  arc  light  carbon  was  used  as  the  electrode  instead  of  brass,  there 
was  a  greater  drop  in  its  rate  of  charging  than  when  brass  was  used 
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under  the  same  conditions.  Accordingly  the  brau  electrode  was  re- 
moved from  the  apparatus  and  a  similar  shaped  piece  of  carbon  was  put 
in.  The  polonium  was  charged  to  a  positive  potential  of  78  volts,  and 
the  pump  was  started  exhausting  the  air  which  was  initially  at  atmos- 
pheric pressure.  Seven  minutes  after  the  pump  was  started  readings 
were  taken  of  the  prcssui  of  air  in  the  vessel  as  measured  by  the  McLeod 
gauge,  and  the  rate  of  charging  of  the  carbon  electrode.  Similar  read- 
ings were  made  at  different  intervals  of  time  after  the  initial  readings. 
The  pump  was  kept  going  continuously  throughout  all  the  readings. 
The  results  are  given  in  the  following  table. 


Table  IV  (0) 

Air 

in  Apparatus. 

Carbon  Electrode. 

Charge 
»ding. 

on  Pol.  ="78  volts. 

Pressure  of  air  in  vessel. 

1    Time  from  initial  re. 

Current  to  electrode. 

.008  mm. 

0  minutes 

46 

.004     " 

t 

I       " 

42 

.002     " 

\ 

5      " 

38 

<  .001     " 

15      •' 

34-5 

<  .001      " 

30      " 

31  S 

<  .001      " 

60      " 

29.0 

<     Otll       " 

____ 

IJO        " 

29. 

The  pump  was  then  stopped  and  while  the  pressure  gradually  in- 
creased as  the  air  flowed  out  from  the  walls  of  the  apparatus,  the  series 
of  readings  were  continued  and  are  given  below. 


Table  1 

[V  (fc). 

Pressure  of  air  in  vessel 

Time  from 

initial  reading. 

Current  to  electrode. 

<  .001 

mm. 

1 

127 

minutes. 

29 

.003 

126 

•' 

29 

.005 

129 

" 

30.5 

.009 

134 

*' 

30.5 

.012 

139 

31 

.018 

146 

tt 

32.5 

.022 

153 

33 

.027 

161 

II 

34 

•035 

171 

" 

35.5 
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If  the  results  that  were  obtained  while  the  pressure  of  the  air  was 
decreasing  are  compared  with  thr  results  obtained  while  the  pressure 
was  increasing  as  given  in  Table  IV.  and  shewn  graphically  in  Fig.  3, 
it  will  be  seen  that  at  any  given  pressure,  the  rate  of  charging  of  the  elec- 
trode was  greater  as  the  pressure  wasdecreasing  than  as  it  was  increasing. 
It  will  also  be  seen  that  the  rate  of  charging  at  a  pressure  of  .035  mm.  of 
mercury  as  the  pressure  was  increasing  was  very  much  less  than  the  rate 
of  charging  at  much  smaller  pressures  as  the  pressure  was  decreasing. 
These  results  shew  clearly  then,  that  the  decrease  in  the  rate  of  charging 
of  the  electrode  as  the  air  was  pumped  out  of  the  apparatus  was  not  all 
due  to  a  decrease  in  the  ionisation  current  through  the  gas.  For,  since 
the  ionisation  current  is  only  dependent  on  the  pressure  of  the  air  in  the 
chamber,  it  should  have  the  same  value  at  like  pressures  whether  the 
pressure  was  decreasing  or  increasing. 

If  the  decrease  in  the  rate  of  charging  of  the  electrode  with  the  time 
was  not  all  due  to  a  decrease  in  the  ionisation  current  through  the  gas 
there  must  be  some  other  reason  for  this  decrease.  As  shewn  in  Section 
III  there  are  three  other  currents  which  cause  the  electrode  to  charge  up 
besides  the  ionisation  current.  These  are,  the  o  ray  current  from  the 
polonium,  the  i  rays  current  from  the  pdoni'um  and  the  secondary 
ray  current  from  the  electrode.  It  has  been  shewn  by  an  experiment  in 
Section  III  that  a  positive  potential  of  20  volts  is  sufficient  to  stop  prac- 
tically all  the  S  ray  current.  Therefore,  in  this  experiment,  the  only 
currents  which  charged  up  the  electrode  besides  the  ionisation  current 
were  the  o  ray  current  and  the  secondary  radiation  current.  Either 
both,  or  one  of  these  currents,  then,  must  have  had  a  decrease  in  intensity 
as  well  as  the  ionisation  current  in  order  to  produce  the  total  decrease  in 
the  rate  of  charging  of  the  electrode  as  found  by  experiment.  The  de- 
crease in  intensity  of  the  a  rays  from  polonium  with  the  time,  has  been 
studied  by  various  experimenters  and  they  have  found  the  intensity  falls 
to  half  value  in  I40days.  The  time  taken  by  the  experiment  was  about 
three  hours  so  that  in  this  short  interval  of  time  the  decrease  in  intensity 
of  the  a  rays  was  practically  nothing.  Hence  there  must  have  been  a 
considerable  decrease  in  the  intensity  of  the  secondary  radiation  emitted 
by  the  carbon  from  the  time  when  the  first  reading  of  the  rate  of  charging 
of  the  electrode  was  taken. 

The  causes,  then,  of  the  decrease  in  the  rate  of  charging  of  the 
electrode  with  the  time  as  found  in  the  above  experiment  was  a  small 
decrease  in  the  ionisation  current  through  the  air  as  the  pressure  was 
reduced  and  a  large  decrease  in  the  secondary  rays  sent  off  by  the  car- 
bon.  The  soinc  causes  will  account  for  the  decrease  in  the  rate  of  charg- 
ing of  the  brass  electrode  used  in  the  first  two  experiments  of  this  sec- 
tion, and  must  also  be  considered  when  the  results  of  the  experiment  de- 
scribed in  Section  III  are  explained.     Before  continuing  experiments  with 
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the  object  of  •  further  elucidation  of  the  reeulu  deKribed  in  Section  III 
It  WM  thought  well  firtt  to  make  an  extended  study  of  the  phenomenon  of 
the  decreaM  m  the  inteniity  of  the  aecondary  radiation  a*  made  evident 
by  the  foregoing  experiments. 

V.      EXPEKIMBNTS    ON    THB     "FaTIOUE"    OF    SeCONDAEY     RaYS. 

The  experimenta  deKribed  in  Settion  IV  shew  that  there  was  a 
decrease  in  the  secondary  radiation  sent  off  by  carbon  bombarded  by  « 
rays  as  the  air  was  pumped  out  of  the  apparatus  in  which  the  carbon 
was  placed.  This  decrease  may  be  called  a  fatigue  of  the  secondary 
rays  for  the  effect  is  similar  to  that  observed  in  the  case  of  the  photo- 
electnc  fatigue.  The  phenomenon  of  the  photo-electric  fatigue  has  been 
studied  extensively,  and  various  reasons  have  been  suggested  for  it 
One  of  the  reasons  which  have  been  advanced  is  that  the  substance  which 
emits  the  photo-electric  radiation  becomes  impoverished  of  available  neg- 
ative corpuscles.  If  the  fatigue  in  the  present  experimenU  were  due  to  a 
decrease  in  the  numberof  available  negativecorpuscles.thisdecrease must 
havebeen  all  at  the  surface  since  the  exciting  a  rays  have  only  a  small  pen- 
etrability. 1.  the  decrease  were  due  to  this  cause,  it  is  probable  that  if 
air  were  admitted  into  the  apparatus  again,  the  electrode  would  regain 
Its  normal  condition.  To  test  this  the  following  set  of  experiments  was 
performed. 

A  fresh  piece  of  carbon  was  placed  in  the  apparatus,  a  positive  charge 
of  80  volts  was  put  on  the  polonium,  the  Gaede  pump  was  started  an« 
at  a  definite  interval  of  time  after  the  starting  of  the  pump,  readinw* 
were  taken  of  the  rates  of  charging  the  carbon  electrode,  and  of  the  cor- 
responding pressures  of  air  in  the  apparatus.  These  readings  weir  con- 
tinued until  there  was  practically  no  further  decrease  in  the  rate  of 
charging  of  the  electrode. 

The  readings  are  given  in  the  following  table: 
Table  V. 


Fresh  carbon  electrode. 


Pressure  of  air  in  vessel 


•Mr  in  apparatus. 


Charge  on  Pol.  =80  volt*. 


Time  from  initial  reading  1 

taken  seven  minutes  after! 

8tarting  pump. 


Current  to  electrode. 


.007 

mm. 

0  minutes. 

124.7 

ooa 

5 

** 

78.2 

.001 

«5 

II 

50  7 

<  .001 

25 

41.2 

<  .001 

<  .001 

*<                                 1 

41 
65 

II 

35-2 

<  .001 

87 

"                        i 

a8.2 

<  .001 

"3 

i< 

a6.2 

mMf. 
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The  carbon  wm  left  in  the  evacuated  apparatus,  bmnbarded  by  , 
rayi  from  the  polonium  for  one  week  in  order  that  it  should  get  thoroughly 
fatigued  to  the  production  of  secondary  rays.  Then  the  apparatus  was 
filled  with  air  at  atmospheric  pressure  and  again  left  standing  for  one 
week.  At  the  end  of  this  time  the  experiment  described  above  was  re- 
peated and  the  readings  are  given  below. 


Table  VI. 


Fatiftird  rarlxm  electrode. 


Air  in  Apparatus 

CharKe  on  Pol.  •'So  volti. 


freitnure  uf  air  in  veMcl 


Time  (rum  initial  reading. 

taken  leven  minutesaf ter'       Current  to  electrode 
(tarting  pump 


.008  mm. 

0 

minutfsi 

34  7 

.003     " 

5 

" 

30  a 

.oca    " 

15 

«4 

29  a 

001     " 

36 

*  ' 

24  7 

<    001     " 

60 

41 

22  3 

After  this  experiment  was  completed  the  apparatus  was  immediately 
filled  with  air  at  atmospheric  pressure  and  left  standing  for  22  iioiirs. 
Then  the  above  experiment  was  again  repeated  with  the  following  resulu. 


Table  VII. 


Fatigued  carbon  electrode 


Air  in  Apparatus 


Charge  on  pol.  =»  80  volts. 


I  Time  from  initial  reading  I 
Pressure  ol  air  in  vessel         uken  seven  minutes  after  )      Current  to  electrode. 

starting  pump 


.004  mm. 
.001      " 
.001      " 


o  minutes 
5 

32 


I 


25  3 

23.8 
31.8 


The  results  given  in  the  last  two  columns  of  Tables  V-VII  are  rep- 
resented by  curves  shewn  in  Fig  4.  The  upper  curve  is  plotted  from  the 
results  given  in  Table  V.  the  middle  curve  from  Table  VI  and  the  lower 
curve  from  Table  VII. 

It  will  be  seen  on  looking  at  the  curves  that  each  has  a  gradual  drop. 
This  drop  represents  both  the  decrease  as  time  went  on  in  the  rate  at 
which  the  carbon  electrode  sent  out  secondary  rays  and  the  decrease  in 
the  ionisation  current  across  the  air  gap  between  the  polonium  and  the 
electrode  beginning  at  a  certain  definite  interval  of  time  after  the  first 
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air  was  taken  from  the  apparatus.  It  will  be  seen  also  on  comparing  the 
curves  that  the  initial  point  of  the  upper  curve  is  much  higher  than  the 
initial  points  of  the  lower  curves.  Also  the  upper  curve  decreases  much 
more  quickly  than  the  lower  curves,  until  finally  the  three  curves  all 
come  together.  Now  the  decrease  in  the  ionisation  current  through  the 
air  space  with  the  time  would  be  the  same  in  all  three  experiments  be- 
cause this  decrease  is  dependent  on  the  air  pressure  and,  as  the  pump  was 
kept  goingregularly  the  air  pressure  in  all  three  cases  would  be  the  same 
at  equal  intervals  of  time  after  the  pump  was  started.  Hence  since  the 
upper  curve  shews  a  much  greater  drop  than  the  two  lower  curves,  there 
must  have  been  a  much  greater  decrease  in  the  secondary  radiation  in 
the  first  experiment  than  in  the  two  latter  experiments.  Therefore  there 
must  have  been  a  much  more  copious  emission  of  secondary  rays  at  the 
beginning  of  the  first  experiment  than  at  the  beginning  of  the  other  two 
experiments.*  This  is  indicated  by  the  height  of  the  initial  point  of  the 
upper  curve  above  the  initial  points  of  the  other  two  curves. 

The  above  experiments  therefore  shew  that  when  fresh  carbon  is 
used  as  an  electrode  and  subjected  to  bombardment  by  o  rays  and  the 
air  withdrawn  from  around  the  carbon,  there  is  a  great  decrease  in  the 
secondary  rays  as  time  goes  on  until  finally  the  secondary  rays  emitted 
reach  a  constant  value.  Then,  if  the  carbon  is  kept  in  vacuo  for  some 
time  (one  week)  it  will  not  regain  its  primary  power  of  emitting  secondary 
rays  by  being  again  surrounded  by  air  while  still  under  bombardment 
by  a  rays  even  for  periods  of  time  extending  up  to  22  hours. 

The  next  experiments  that  were  performed  were  for  the  purpose  of 
finding  out  whether  this  same  carbon  would  send  out  secondary  rays 
with  their  initial  intensity  if  it  were  placed  in  an  atmosphere  of  hydrogen 
instead  of  air.  The  apparatus  was  first  filled  with  dry  hydrogen,  pro- 
duced from  zinc  and  acidulated  water  and  left  at  atmospheric  pressure 
for  four  hours.  Then  as  before  a  positive  charge  of  80  volts  was  put  on 
the  polonium,  the  pump  was  started,  and  at  a  definite  interval  of  time 
after  starting  the  pump,  a  series  of  readings  was  taken  of  the  rate  at 
which  the  carbon  electrode  charged  up,  and  the  pressure  of  the  hydrogen 
in  the  apparatus.    The  readings  are  given  in  the  following  table. 
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Fatigued  carbon  electrode. 

Hydrogen  in 

Apparatus. 

Charge  on  pol.  =80  volts. 

Prenure  of  hydrogen 

in  veMel 

Time  from  initial  reading 

taken  four  minutes  after 

starting  pump 

Current  to  electrode. 

.006  mm. 

0  minutes 

24.5 

.003     " 

6 

" 

23.0 

<.00I      " 

15 

1* 

22 

<.00I     " 

31 

«4 

22 

<.001      " 

56 

11 

22 

Next  the  apparatus  was  filled  with  hydrogen  at  atmospheric  pressure 
and  left  standing  for  eighteen  hours.  A  series  of  readings  were  taken  as 
before  and  are  given  below. 

Table  IX. 


Hydrogen  in  apparatus 
Fatigued  carbon  electrode                                      Charge 

on  polonium  =  80  volts. 

Pressure  of  hydrogen  in 

vessel 

Time  from  initial  reading 
taken  fotlr  minutes  after 
starting  pump 

Current  to  electrode 

.005  mm. 

0  minutes 

25-7 

.002     " 

5        " 

24.7 

<   .001      " 

15        " 

24 

<.00I      " 

30        " 

23-5 

<  .001      " 

62 

23-5 

It  will  be  noticed  that  in  these  two  last  experiments  with  the  hydro 
gen  the  first  reading  was  taken  four  minutes  after  the  pump  was  started 
while  in  the  three  experiments  with  the  air  the  first  reading  was  taken 
seven  minutes  after  the  pump  was  started.  The  reason  for  this  was  that 
the  pump  reduced  the  pressure  of  the  hydrogen  much  quicker  than  the 
air  and  it  was  desired  to  take  the  first  readings  for  both  hydrogen  and 
air  at  approximately  the  same  pressure. 

From  the  results  given  in  the  last  two  column  of  Tables  VIII  and  IX 
the  two  lower  curves  of  Fig.  5  are  plotted,  while  the  upper  curve  of  Fig. 
5  is  plotted  from  the  results  given  in  the  last  two  columns  of  Table  V. 
The  latter  curve  pictures  the  way  in  which  the  rate  cC  charging  of  the 
fresh  carbon  electrode  decreased  with  the  time,  while  the  former  curves 
shew  how  the  rate  of  charging  of  the  fatigued  carbon  electrode,  which  had 
been  left  in  hydrogen  at  atmospheric  pressure,  decreased  with  the  time. 

It  will  be  noticed  that  there  is  hardly  any  drop  in  the  lower  curves 
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and  a  great  drop  in  the  upper  curve.  It  will  also  be  seen  that  the  rate  of 
charging  of  the  fatigued  electrode  as  indicated  by  the  lower  curves  is 
nearly  the  same  as  the  final  value  of  the  rate  of  charging  of 
the  fresh  electrode  as  indicated  by  the  upper  curve  Hence 
the  above  experiments  indicate  that  the  carbon  electrode  did  not  regain 
any  of  its  primary  power  of  producing  secondary  rays  by  being  surround- 
ed by  hydrogen  at  atmospheric  pressure. 

The  above  experiments  therefore  shew  that  a  carbon  electrode  which 
has  been  fatigued  to  the  production  of  secondary  rays  and  left  in  vacuo 
for  a  long  time  will  not  regain  its  primary  power  of  producing  secondary 
rays,  by  simply  being  placed  in  an  atmosphere  of  either  air  or  hycrogen. 
Hence  the  fatigue  of  the  carbon  is  not  due  to  a  temporary  loss  of  aegative 
corpuscles  which  can  readily  be  regained  from  air  or  hydrogen  when  these 
gases  are  allowed  to  surround  the  carbon. 

The  next  experiments  that  were  tried  were  to  find  out  whether  a 
piece  of  carbon  would  regain  its  power  of  producing  secondary  rays  if 
it  were  fatigued  for  a  very  short  time  only.  A  fresh  piece  of  carbon  was 
placed  in  the  apparatus  and  a  set  of  experiments  similar  to  the  ones  de- 
scribed above  was  performed,  except  that  instead  of  leaving  the  carbon 
in  the  evacuated  chamber  after  the  current  to  the  carbon  had  gained  a 
steady  value,  it  was  left  for  a  week  with  the  air  at  atmospheric  pressure. 
The  readings  taken  with  the  fresh  carbon  are  given  in  Table  X  and  the 
readings  taken  after  the  fatigued  carbon  had  been  left  for  a  week  sur- 
rounded by  air  at  atmospheric  pressure  are  given  in  Table  XI. 


Table  X. 

Air  in  apparatus 

Fresh  carbon  electrode 
Charge 

on  polonium  -  82  volts. 

Pressure  of 

air  in  vessel 

Time  from  initial  reading 

taken  seven  minutes  after 

starting  pump 

Current  to  electrode 

.008 

mm. 

0  minutes 

"3  5 

.003 

.001 

.001 

<  .001 

1 
**                                     1 

5 
15 
30 
60 

82.5 
44-5 
29 
22 

<  .001 

<  .001 

1 

1 

90 
120 

19-5 
18 

<  .001 

! 

142 

" 

>7.5 

Secondary  Rays  Excited  by  the  Alpha  Rays. 
Table  XI. 
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Fatigued  carbon  electrode 

Air  in  Apparatus 

Charge  on  polonium =84  volts 

PreMure  of  air  in 

vesael 

Time  from  initial  reading 
Uken  seven  minutes  after 
starting  pump 

Current  to  electrode. 

.006  mm. 
.004     " 
.002     " 
.002     " 
.001      " 

0  minutes 

I 

5  " 
15  " 
30         "                  1 

66.3  mms. 
45-3 
29  3 
21.3 
173 

The  results  given  in  these  two  tables  are  graphically  illustrated  by 
the  curves  shewn  in  Fig.  6.  The  ur->er  curve  refers  to  the  results  in 
Table  X  while  the  lower  curve  refers  to  Table  XI .  A  comparison  of  these 
curves  with  the  curves  shewn  in  Fig.  4  makes  it  plain  that  there  was  a 
much  greater  recovery  of  the  carbon  fatigue  when  it  was  left  in  vactio 
a  very  short  time  and  then  surrounded  by  air  than  when  it  was  left 
for  a  long  time  before  being  surrounded  with  air. 

This  pointed  to  the  probability  that  the  gas  occluded  in  the  carbon 
was  the  cause  of  the  large  decrease  with  the  time  in  the  secondary  radi- 
ation. For  if  the  gas  occluded  in  the  carbon,  as  well  as  the  carbon  it- 
self, produced  secondary  radiation,  then,  as  the  exhaustion  proceeded 
gas  would  ooze  out  of  the  carbon  and  the  secondary  radiation  would  de- 
crease until  all  the  gas  which  could  leave  had  disappeared  entirely  from 
the  surface  the  carbon.  Also,  the  longer  the  carbon  was  left  in  vacuo 
the  more  c  \  luded  gas  would  come  out  and  the  more  difficult  it  would 
be  for  the  same  amount  of  gas  to  enter  the  carbon  again.  Hence  this 
would  cause  the  fatigue  to  be  more  permanent  when  the  carbon  was  left 
in  a  vacuum  a  long  time  than  when  left  a  short  time.  This  conclusion, 
it  will  be  seen,  has  been  amply  confirmed  by  the  experiment  described 
above. 

In  order  to  decide  definitely  whether  the  release  of  the  gas  occluded 
in  the  carbon  had  to  do  with  the  decrease  in  the  secondary  rays  which  has 
been  called  a  fatigue,  a  special  piece  of  apparatus  was  designed  and  ex- 
periments were  performed  which  will  be  described  in  the  following  section. 

vi.    experimekts  shewing  the  influence  of  occluded  g.vs  on  the 
Secondary  Radiation. 

The  essential  parts  of  the  apparatus  (Fig.  7)  were  two  parallel  elect- 
rodes B  and  C,  in  an  air  tight  vessel,  separated  a  distance  of  about  6  mms. 


f\ 
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The  polonium  which  was  carried  by  the  electrode  B  could  be  made  to 
face  in  any  direction  by  tunning  the  axial  rod  A.  This  rod  passed  through 
and  was  sealed  to  a  glass  tube  D  which  fitted  over  another  glass  tube  E 
so  arranged  that  the  joint  could  be  covered  with  mercury  and  so  made 
air  tight.  The  electrode  C  which  was  made  of  carbon,  was  connected 
with  the  quadrant  of  an  electrometer,  the  connecting  rod  passing  through 
an  ebonite  plug  fitted  into  the  side  of  a  vessel  by  a  side  tube  F.  Another 
sidetubeGconnected  the  vessel  to  the  McLeod  Gauge  and  theGaedepump. 
The  vessel  itself,  which  was  a  cylindrical  brass  tube  about  5  cms.  in  diam- 
eter and  8  cms  in  length  was  connected  to  earth.  All  joints  were  made 
air-tight  by  means  of  wax  and  solder. 

The  first  experiment  was  conducted  as  follows.  A  fresh  carbon 
electrode  was  placed  in  the  apparatus,  the  polonium  was  turned  away  from 
the  electrode  and  the  air  was  pumped  from  the  vessel  for  over  an  hour 
with  the  pump  going  continuously.  Then  the  polonium  was  charged  to 
a  positive  potential  of  80  volts  and  turned  so  that  it  faced  tiie  carbon 
electrode.  A  readii^  was  at  once  taken  of  the  rate  at  which  tiie  carbon 
electrode  char:ged  up,  and  similar  readings  were  made  at  different  in- 
tervals of  time  afterwards.    The  results  obtained  are  given  in  Table  XII. 

Table  XII. 


T    __,      ,     .            ,  Fresh  carbon  in  apparatus. 
1  urned  polonium  to  face  carbon  I  hour.  20  minutes  after  pump  was  started. 
Voltage  on  polonium  =  80  volts. 


Pressure  of  air  in  vessel 


Time  from  initial  reading 

taken  I  hr,  20min.  after 

starting  pump. 


<  .001  mm. 

<  .001     " 

<  .001      " 

<  .001      " 

<  .001      " 


o  minutes 

5  " 
15  " 
30  " 
60 


Current  to  electrode. 

122 

"3 
124 
122 
123 


These  results  shew  that  there  was  no  sign  of  a  "fatigue"  in  the  rate 
at  which  the  carbon  electrode  charged  up  with  the  time,  for  the  rate 
was  practically  constant  throughout  all  the  readings. 

We  have  seen  therefore  that  it  is  possible  to  get  rid  of  the  fatigue 
effect  altogether  by  withdrawing  the  gas  from  the  surface  of  the  carbon 
before  beginning  the  bombardment  by  o  rays.  The  "fatigue"  then 
which  has  been  described  in  the  previous  sections  must  be  due  to  a  de- 
crease m  tiie  secondary  radiation  from  the  gas  occluded  at  the  surface 
of  the  brass  or  carbon  electrode  used. 
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In  view  of  the  effect  which  the  presence  of  gas  has  on  the  secondary 
radiation  it  was  thought  well  to  repeat  the  experiment  described  in  Sec- 
tion III  and  first  performed  by  W.  H.  Longeman.  Instead  of  using  a 
brass  electrode  a  carbon  electrode  was  used,  also  the  carbon  was  left  in 
the  vessel  at  low  pressure  for  two  days  in  order  that  the  gas  occluded  in 
the  carbon  should  disappear  or  reach  a  value  which  would  be  constant 
for  the  low  pressure  used.  Then  readings  were  taken  of  the  rateatwhich 
the  carbon  electrode  charged  up  as  the  positive  potential  on  the  polonium 
was  varied  from  o  volts  to  about  1700.  The  results  are  given  in  Table 
XIII  below,  and  a  curve  drawn  from  these  results  is  shewn  in  Fig.  8. 

Table  XIII. 


Volta^  on 
polonium. 


O     volts 
1.6     " 


Pressure  of 
air  in  vessel 


<  .001  mm. 


7 
18 

39 
168 


Time  from 
initial  reading. 


334 

401 

538 

788 

1095 

1337 

1708 

o  mmutes 

12 

16 
28 

31    " 
38 

44 

48 

62 

72 

95 
105 
121 

137 


Current  to 
electrode. 


-447 
-191 

-    4-7 
54 
89 

131 


it 

141 
144 

41 

150 

160 

165 

172 

11 

175 

44 

181 

The  curve  shewn  in  Fig.  8  rises  very  rapidly  from  -447  to  about  90. 
as  the  potential  on  the  polonium  was  increased  from  o  to  40  volts  and 
then  more  slowly  as  the  potential  is  increased  beyond  40  volts.  This  is 
somewhat  different  from  the  results  obtained  in  Section  III  with  the  brass 
electrode  and  shewn  graphically  in  Fig.  2,  for  the  curve  in  Fig.  2,  it  will 
be  seen,  rises  rapidly  while  the  potential  on  the  polonium  is  raised  from 
o  to  40  and  then  falls  again  as  th.  --^tential  is  further  increased.  The 
cause  of  this  fall  in  the  rate  of  charge  of  the  brass  electrode  as  the  po- 
tential on  the  polonium  was  raised  above  40  volts  in  a  measure  may  be 
attributed,  as  has  been  suggested,  either  to  a  more  profuse  reflection  of 
a  rays  from  the  electrode  as  the  potential  of  the  polonium  was  raised  or 
to  a  gradual  decrease  in  the  ionisation  current  due  to  a  lowering  of  the 
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prewure  of  the  air  in  the  apparatus.  But  as  a  result  of  the  later  experi- 
ments performed  with  the  carbon  electrode  it  is  clear  we  must  add  an- 
other and  more  important  cause  for  the  fall,  namely,  the  decrease  in  the 
secondary  radiation  throughout  the  experiment  as  the  gas  layer  on  the 
electrode  became  less  and  less  dense. 

The  experiment  just  described  with  the  carbon  electrode  shev«  that 
when  the  gas  layer  was  removed,  there  was  no  fall  in  the  rate  of  charging 
of  the  carbon  electrode,  as  the  potential  on  the  polonium  was  increased, 
but,  instead  a  gradual  increase  was  obtained. 

The  question  arose,  then,  whether  the  brass  electrode  would  act  in 
the  same  manner  as  the  carbon  electrode  if  the  gas  layer  was  first  re- 
.noved  from  it.  To  answer  this  question  the  brass  electrode  was  kept 
in  vacuo  a  long  time  and  the  experiment  with  it  was  repeated.  Contrary 
to  expectation  it  was  found  that  there  was  still  a  very  slight  decrease  in 
the  rate  of  charging  of  the  electrode  after  the  potential  of  the  polonium 
was  raised  above  40  volts  but  this  decrease  was  not  neariy  as  great  as 
before. 

The  reason  for  the  final  slight  difference  between  the  behaviour  of  a 
carbon  and  of  a  brass  electrode  appears  then  to  be  due  to  a  difference  be- 
tween the  o  ray  reflecting  power  of  carbon  and  brass  at  different  volt- 
ages, the  brass  reflecting  more  a  rays  than  the  carbon  as  the  voltage  was 
increased. 

If  the  work  done  by  Geiger  and  Marsden*'  on  the  reflection  of  o  rays 
is  Uken  to  be  applicable  to  the  present  experiments,  it  would  seem  that 
o  particles  can  not  be  reflected  in  sufficient  numbers  to  account  for  this 
difference.  However,  the  experiments  described  above  point  definitely 
to  the  reflection  of  o  rays  as  the  cause  of  the  slight  difference  in  the  be- 
haviour of  the  carbon  and  the  brass  plates  under  the  bombardment  by 
o  rays.  Moreover,  it  can  easily  be  shewn  that  with  the  fields  used 
variations  in  the  speed  of  the  o  rays  amounting  to  1.7%  must  ensue. 
It  is  just  possible  that  this  variation  might  be  sufficient  to  cause  such  a 
change  in  the  amount  of  »  radiation  reflected  from  the  carbon  and 
brass  electrodes  as  to  contribute,  in  part  at  least,  to  the  above  effect. 
It  would  appear,  therefore,  that  additional  experiments  should  be  made 
on  the  reflection  of  «  rays  of  different  velocities  at  surfaces  subjected 
to  low  gas  pressures  before  the  explanation  offered  above  of  the  effect 
observed  is  set  aside. 


VII.    Summary  of  Results. 
I.  It  has  been  shewn  that  there  is  a  secondary  radiation  produced 
when  alpha  rays  fall  on  a  brass  or  a  carbon  plate. 

••  Geiger  and  MarMien,  Proc.  Roy.  Soc.  Ser.  A,  82  July  31,  1909. 
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a.  This  Mcondary  radiation  has  been  proved  to  be  in  part  due  to 
the  preMDce  of  gas  occluded  in  or  at  the  surface  of  the  brass  or  carbon. 

3.  When  this  gas  is  being  removed  from  the  brass  or  carbon  it  is 
fouml  that  the  secondary  radiation  decreases  and  gives  rise  to  an  effect 
sunilar  to  a  "fatigue"  of  the  secondary  ray*. 

4-  This  fatigue  effect  is  found  to  be  greater  for  carbon  tiian  for  brass. 
Thw  last  result  was  to  be  expected  when  die  fatigue  effect  was  traced  to 
the  presence  of  ocd  ided  gases  since  carbon  is  known  to  possess  a  greater 
capacity  for  ocdudi.  g  gases  than  a  metal  such  as  brass. 

5.  From  tile  experiments  which  have  been  described  it  will  be  seen 
that  tiie  secondary  radiation  emitted  by  a  substance  like  carbon  under 
bombardment  by  a  rays  furnishes  a  new  means  of  investigating  tiie 
process  by  which  gases  are  occluded  in  carbon  and  probably  also  in  otiier 
substances. 

In  conclusion  I  wish  to  express  my  gratitude  to  Professor  McLennan 
for  hu  suggestions  and  help  tiiroughout  tiie  course  of  tiiw  investigation. 

Ph3wcal  Laboratory, 

University  of  Toronto. 
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ON  THE  SECONDARY  RAYS  EXCITED  BY  THE  ALPHA  RAYS 
FROM  POLONIUM— n. 

(Read  13th  January,  1912). 


By  V.  E.  Pound,  M.A.* 

I. — Introduction. 

In  a  previous  paper  by  the  writer**  it  has  been  shewn  that  when 
the  o  rays  of  polonium  strke  a  carbon  or  a  brass  plate,  secondary  rays 
are  produced  which  are  similar  to  the  s  rays  of  polonium.  It  has  been 
shewn,  too,  that  a  very  considerable  part  of  this  secondary  radiation  is 
due  to  the  presence  of  gas  occluded  at  or  deposited  on  the  surface  of  the 
brass  or  carbon  plate.  The  present  paper  describes  some  further  ex- 
periments on  the  influence  of  this  gaseous  layer  on  the  secondary  radi- 
ation excited  in  different  substances  when  these  are  subjected  to  bom- 
bardment by  the  o  rays  of  polonium. 

II. — Description  of  Apparatus. 

The  apparatus  used  for  the  investigation  was  composed  of  a  brass 
tube  A  about  3  cm.  in  diameter  and  18  cm.  long,  one  end  of  which  was 
closed  air  tight  by  an  ebonite  plug  sealed  in  with  wax.  Centrally  through 
this  plug  was  led  a  brass  rod,  B,  carrying  a  brass  plate  C  upon  which 
a  thin  circular  piece  of  polonium  coated  brass  about  1.5  cm.  in  diameter 
was  fixed.  A  brass  ring  D  passed  through  the  ebonite  and  connected 
to  earth  served  as  a  guard  ring.  At  the  other  end  of  the  tube  A,  a 
smaller  tube  E,  1.5  cm.  in  diameter  was  inserted  and  soldered  in  position 
at  the  top  bo  as  to  be  co-axiai  with  the  former.  In  this  way  the  space 
between  the  tubes  A  and  E  was  made  air  tight.  The  lower  end  of  the 
tube  E  was  closed  by  means  of  a  very  thin  brass  sheet  and  a  flat  circular 
plate  K  of  carbon  or  metal  was  held  against  this  thin  brass  sheet  by 
means  of  a  flanged  collar  F  provided  with  a  screw.  The  distance  be- 
tween the  polonium  and  the  lower  face  of  the  carbon  or  brass  plate  was 
.6  cm.  The  whole  apparatus  was  connected  by  a  tube  G  to  a  Gaede 
pump  and  a  McLeod  gauge.  The  apparatus  was  insulated  by  mica 
and  supported  in  such  a  way  that  the  polonium  and  the  circular  plate 

♦Presented  by  Prof.  J.  C.^McUnnan. 
*'Trans.  Canadian  Institute,:i9l2. 
Phil.  May.  1912. 
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""^I^  V";  P**'**"'""  **«  symmetrically  placed  between  the  poles  of 
a  powerful  electromagnet.    The  circular  plate  held  at  F  could  be  altered 

ature  m  the  tube  E.    The  polonium  was  connected  by  means  of  the  br^ 
li^bil*^  *  "^"^^  connecting  wins  to  an  electrometer  of  moderate 

HI.— Experiments   with   Carbon   at   Different   Temperatures. 
The  metJiod  of  conducting  the  experiments  was  as  follows.    The 
carbon  plate  K  was  charged  to  a  negative  potential  of  about  80  volts  by 
connecting  the  outer  part  of  the  apparatus  to  a  battery.    This  high  nesa- 
tive  potential  on  the  carbon  was  sufficient  to  prevent  any  «  rays  from 
leaving  the  polonium.    The  Gaede  pump  was  set  exhausting  the  gas  from 
the  apparatus  and  seven  minutes  after  the  pump  was  started  the  pres- 
sure  of  the  gas  was  ead  by  a  McLeod  Gauge  and  the  rate  of  charging  of 
the  polonium  was  measured  by  the  electrometer.    The  charge  which 
came  to  tiie  polonium  was  negative  and  consisted  of  a  current  of  «  rays 
leaving  the  polonium,  a  current  of  secondary  rays  coming  from  the  car- 
bon  to  the  pdomum  excited  by  the  «  ray  bombardment  on  the  carbon 
and  an  lomsatioo  current  through  the  remaining  gas  in  the  chamber. 
Keadings  of  the  charge  which  accrued  on  the  polonium  plate  were  made 
at  definite  intervals  of  time  afterwards  until  the  rate  of  charging  of  the 
plate  became  fairiy  constant.    This  constant  value  as  shewn  in  the 
previous  paper*  was  reached  when  the  density  of  the  layer  of  gas  occluded 
in  the  surfara  of  the  carhon  was  in  equilibrium  with  the  pressure  of  gas  in 
the  vessel,  that  is,  when  there  was  no  readjustment  going  on  in  thegaseous 
layer.    After  the  rate  01  charging  of  the  polonium  had  become  fairiy 
constant  a  weak  magnetic  field  was  established  by  passing  a  small  current 
through  the  electromagnet,  and  the  rate  of  charging  of  the  polonium  was 
again  found.    Then  larger  and  larger  currents  were  sent  through  the 
electromagnet  and  readings  were  taken  until  the  rate  of  charging  of  the 
polonium  became  constant.    This  last  constant  charge  which  came  to 
the  polonium  was  composed  of  the  »  ray  current  leaving  the  polonium 
and  the  lonisation  current  through  the  gas.    The  magnetic  field  was  used 
to  deflect  the  slow  moving  secondary  ra.s  coming  from  the  carbon  and 
the  constant  rate  of  charging  of  the  polonium  denoted  that  the  magnetic 
field  had  deflected  them  all.    The  influence  of  the  magnetic  field  in  de- 
flecting the  «  rays  or  the  ionisation  current  through  the  gas  was  probably 
very  small.    Accordingly  the  difference  between  the  first  constant  value 
ofUie  rate  of  charging  of  the  polonium  and  the  last  constant  value  was  a 

'TrmiM.  Canadian  Institute.  1912. 
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meaaure  of  the  magnitude  of  the  secondary  ray  current  from  the  carbon 
excited  by  the  a  ray  bombardment. 

In  the  following  tables  the  results  obtained  with  air  filled  carbon 
first  at  a  temperature  of  iio«  C.  second  at  room  temperature,  third  at  a 
temperature  given  by  a  mixture  of  solid  carbonic  add  gas  and  ether, 
namely.  -78  C.  and  lastly  at  liquid  air  temperature.  -192°  C  are  given 
After  each  experiment  air  was  allowed  to  remain  in  the  apparatus  at 
atmospheric  pressure  until  the  next  experiment.  Before  beginning  the 
set  of  experiments  a  piece  of  carbon,  the  surface  of  which  was  freshly 
cut  and  which  had  never  before  been  exposed  to  a  rays  was  placed  in 
the  apparatus  For  comparison  all  the  readings  were  reduced  to  the 
same  date  by  the  use  of  the  standard  equation, 

the  half  decay  period  oi  the  polonium  being  taken  as  140  days.* 


Table  I.— Air  in  Apparatus. 
Carbon  electrode  at  temperature  iio°C.    Charge  on  carbon —83  volts. 


Pressure  of  air 
in  vessel. 


03 

007 

007 

004 

003 

006 

003 

005 
004 
002 
002 
002 


mm. 


Time  from  initial         Current  through      Current  to 
reading  taken  7  min.       magnet.  Polonium, 

after  starting  pump. 


omm. 

5 

tl 

IS 

II 

30 

II 

45 

II 

60 

14 

68 

II 

90 

II 

camp 

0 

II 

0 

II 

0 

II 

0 

II 

0 

II 

0 

II 

0 

it 

I 

II 

6 

II 

15 

H 

235 

•  1 

-203 

-185 

-173 
-169 

-162 
-166 

-162. 5 

-162 

-98 

-  41 

-  39  2 
-37-8 


•See  Physical  and  Chemical  ConsUnt.^  by  Kaye  and  Laby,  page  107. 
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_   .        .  Tablb  II.— Aik  in  Appakatus. 

Carbon  electrode  at  temp,  aj'  C.  Charge  on  Carbon  --83  volts 


PiCMuic  of  air 
in  veneL 


Time  from  initiiU  Current  through    Cunent  to 

reading  taken  7  mini,     magnet  polonium 

after  starting  pump. 


.03 

mm. 

0 

mm. 

0     am 

.006 

II 

5 

It 

0 

.003 

»5 

II 

0 

.003 

30 

n 

0 

.003 

45 

II 

0 

.003 

60 

II 

0 

.003 

II 

t         " 

.003 

n 

5.5      " 

.003 

13 

003 

18.5        " 

003 

36 

-254 
-309 
-180 
-165 
-158 
-158 

-  57 
-38 

-  37-4 

-  37-4 

-  37  4 
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_   .       ,  Table  III.— Air  in  Apparatus. 

Carbon  electrodeat  temp. -78°  C.  Charge  on  carbon —84  volts. 


Prewure  of  air 
in  vceael. 


Time  from  initial  Current  through    Current  to 

reading  taken  7  mina.   magnet  polonium, 

after  starting  pump. 


.03 

mm. 

0   r 

.004 

II 

5 

.003 

II 

15 

.001 

II 

30 

.001 

45 

.001 

II 

70 

.001 

II 

90 

less  than 

.001 

i« 

»05 

.001 

II 

140 

.001 

II 

155 

.001 

II 

•   ■   > 

.001 

II 

u 

.001 

"oot 

II 

.001 

II 

mm. 


0     amp.           -161. 5 

0 

-157  7 

0 

-159.3 

0 

-161.5 

0 

-165 

0 

-173 

0 

-176 

0 

-178 

0 

-182 

0 

-184 

1 

-  36.5 

6 

-  35 

II          ' 

-  35 

17.5      ' 

-  33 

24 

-  35 
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_    .        ,  Taelb  IV.— Air  ik  Appakatus. 

Carboadectrodeattemp.  -19a'  C.         Charge  on  Carbon  —84  volte. 


in  vtMcL 


TIbm  from  iaitial        Cumiit  ttuoagh     Comot  to 
iwdingtakea/mUu.  magnet.  polonium 

after  ttutiiiK  pump. 


.03 

mm. 

omin 

.009 

•1 

5 

II 

.004 

•t 

15 

II 

.004 

as 

II 

.00a 

u 

40 

n 

.00a 

«i 

55 

•1 

.00a 

•< 

70 

II 

.001 

85 

" 

.001 

•I 

100 

II 

.001 

•• 

118 

II 

.001 

II 

.001 

II 

.001 

II 

.001 

II 

.001 

II 

0 

amp. 

-269 

0 

-245 

0 

-346 

0 

-a45 

0 

-849 

0 

-25a 

0 

-253.8 

0 

-256 

0 

-26a 

0 

•1 

-262 

I 

-  37 

5-5 

-  35 

II 

-  34 

16.5 

-  34 

24-5 

-34-4 

J  7^*  '^^^  *'^°  '°  ^^  **'''««  ^^^  P'o«ed  in  Figures  (i),  (2)  U) 
SeMt  nfT^!  ""^  It*  °?  *^'  ^"'  •'*"  °^  ^^  figure  .hews  the  way 
iiT^w  ^"*  °'  ^^'^  P*^.*"*^""  *^**=^«^  °'  •"'='«»««J  with  the  time 
until  It  became  approximately  constant.  The  curve  drawn  on  the  re- 
maimng  half  of  the  Hgure  shews  the  way  the  rate  of  charging  of  the  ool- 
omum  deCTeased  to  a  constant  value  as  the  magnetic  field  was  graduaUy 

Sr^  T",  ^  '^^:^"^'-  '^'^  '^"^  ^""^  on  the  first  half  of 
Fig.  (3)  and  of  Fig  (4)  shew  a  remarkable  difference  from  the  corres- 
ponding curves  in  Figures  (i)  and  (2).  The  curves  of  Figures  (i)  and 
(a)  drop  gradually  with  the  time  and  come  to  a  constant  value  whSe 
the  curve,  of  Figures  (3)  and  (4)  first  decrease  and  then  increase  to  a^ 

S^W?  JL~"'*^*  ''*^"'-  "^^  ^"'y  ^«^«"<*  •"  *he  conditions 
under  which  the  experiments  were  made  was  a  difference  in  the  temper- 
ature of  the  carbon.    When  the  carbon  was  at  room  temperatureTat 

IT^^""  ^,"°  Sl?^''***'^'  '^^^^  °f  '^'  Po^o-^-n  decreased 
wto  the  tune  before  becoming  constant  while  when  the  carbon  was  at 

'JL\  or  at  -192  Cthe  rate  of  charging  decreased  slightly  and  then  in- 
creased.   The  cau«e  of  tnis  difference  is  rcadUy  seen  when  it  is  remember- 
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•d  that  carbon  occludes  mora  air  at  a  low  temperature  than  at  a  high 
and  that  the  •  rays  excite  secondary  in  the  air  layer  on  the  surface  of 

V  '*lJ!f  .••  "*•"  *•  '"  ****  *^'~"  '**"•*  ^«n  *•»«  temperature  of 
fte  carbm  is  hii^  the  air  readily  comes  away  from  the  surface  of  the  car- 
bon and  hence  the  secondary  radiation  decreases.  When  the  temper- 
ature of  the  carbon  is  low  the  air  does  not  com*  away  but  becomes  denser 
and  denser  at  the  surface  of  the  carbon  as  it  oozes  out  of  the  interior  and 
also  as  tt  comes  out  of  the  cooled  brass  walls  of  the  apparatus.  (It  will 
be  shewn  later  that  air  is  expelled  from  brass  as  it  is  cooled.)  There- 
fore instead  of  a  decrease  there  is  set  up  a  gradual  increase  in  the  sec- 
ondary radiation  as  the  air  layer  becomes  denser. 

The  final  value  of  the  secondary  radiation  from  the  carbon  and  the 
air  layer  at  its  surface  was  obtained  in  each  case  by  taking  the  difference 
between  the  consunt  rates  of  charging  of  the  polonium  without  and  with 
the  applied  magnetic  field.  In  the  following  uble  the  values  of  the  sec- 
ondary radiation  with  the  carbon  at  the  several  different  temperatures 
are  set  down. 

Table  V.— Fresh  Carbon  in  Air. 
Secondary  radiation  from  Carbon  and  Air  Layer. 


Temperature  of  Carbon ...       i  io°C 


a3°C       -78»C         -i92«C 


Secondary  Radiation -124.5        -120.6 


-151 


-228 


It  will  be  seen  from  the  table  that  when  the  carbon  was  at  the  temp- 
erature of  23"  C  the  secondary  radiation  excited  by  the  a  rays  was 
-120.6  and  when  the  carbon  was  at  110°  C  the  secondary  radiation  was 
-124.5.  These  numbers  are  very  nearly  the  same  and  accounting  for 
their  difference  by  experimenul  error,  they  shew  that  the  amount 
of  a  ray  excited  secondary  radiation  from  carbon  was  the  same  when 
the  carbon  was  at  23"  C  as  when  it  was  at  no"  C.  Since  this  secondary 
radiation  most  probably  comes  iVom  both  the  carbon  and  its  air  layer, 
the  co-incident  values  of  the  secondary  radiation  from  carbon  at  the  two 
temperatures  would  indicate  that  the  density  of  the  gaseous  layer  at 
the  surface  of  the  carbon  was  the  same  at  the  two  temperatures.  When 
the  carbon  was  at  -78"  C  however,  the  secondary  radiation  from  it 
amounted  to  -151  i.e.,  an  increase  of  about  24%  over  the  value  of  the 
secondary  radiation  when  the  carbon  was  at  room  temperature.  Again 
when  the  carbon  was  at  -192"  C  the  secondary  radiation  was -228  or  an 
increase  of  87%  above  the  value  at  room  temperature.    These  large 

•V.  E,  Pound,  Trans.  Canadian  Institute,  1012. 
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increases  in  the  secondary  radiation  when  the  carbon  was  at  the  lower 

Z^Tr  '\r***"''  *"°V"!«'  ^^'  by  the  increase  In  the  secondary 
radiation  from  the  gaseous  air  layer  at  the  surface  of  the  carbon  which 
increases  in  density  as  the  temperature  is  lowered. 

In  order  to  find  out  whether  this  same  effect  would  occur  when  the 
carbon  was  in  other  gases  than  air,  experimenu  were  also  tried  with 
acygen  and  hydrogen  A  fresh  piece  of  carbon  was  used  for  each  gas. 
TTie  air  which  was  occluded  in  the  fresh  piece  of  carbon  on  account  of  its 
being  in  an  atmosphere  of  air  was  got  rid  of  by  putting  the  carbon  in  the 

I^Yk  'fiS  ".''^""•"'^  *"'*  ''^^'"«  '*  ^"  ^  '°"K  t'™-  The  apparatus 
was  then  filled  with  the  gas  which  was  to  be  experimented  upon  Sd  left 
for  some  time  ,n  order  that  the  carbon  might  take  up  the  new  gas  a* 
much  as  possible.  After  this  the  carbon  was  cooled  or  heated  to  the  de- 
sired  temperature,  the  gas  was  pumped  from  the  apparatus  and  a  series 
of  readings  was  taken,  m  the  manner  indicated  above,  of  the  rate  of 
charging  of  the  polonium  both  with  and  without  the  magnetic  field. 
The  same  characteristic  results  were  obtained  with  these  gases  at  the 
different  temperatures  as  with  the  air.  The  reading,  taken  with  the 
carbon  at  temperatures  i  .5"  C.  23«C..78'  C  and  -iga"  C  in  an  atmosphere 
of  oxygen  are  given  in  Tables  VI,  VII,  VIII  and  IX  below  and  the  read! 
ings  taken  with  the  carbon  at  temperatures  24'  C  and  -192°  C  in  an  at- 
mosphere  of  hydrogen  are  given  in  Tables  X  and  XI. 

Table  VI.— Oxygen  in  Apparatus. 
Carbon  electrode  at  temp.  115"  C.  Charge  on  carbon  —84  volts 


Pressure  of  air 
in  vessel 


Time  from  initial       Current  through 
reading  7  mins.  magnet 

after  starting  pump 


Current  to 
polonium 


05 
.012 
.008 

mm. 
•1 

0  min. 
5     " 
15     " 

0 
0 

0 

amp. 

11 
•  1 

-219. 5 

-199  5 
-189.5 

.U05 

25 

0 

tt 

-1 8a 

.003 

102 

0 

«• 

-157 
-157 
-158 

less  than 

.001 
.001 

114 
130 

0 
0 

n 

II 

.001 
.001 

II 

133 

0 

I 

9 
»5 
9i  5 

41 
If 

-»58 

.001 

•  1 

tl 

-  43 

.001 

.001 

II 
II 

II 

f  f 

-  34-5 
-33.8 
-32  8 
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Carbon  Elactrode  at  Temp,  aj'  C.  Charge  on  Carbon  —I4  volts. 


Pwuit  el  air 

in  VMMl 


TiflMfrmaiiiitkl     Curmt  thnwfh     Curratt  to 
tn^ng  7  mifl.  mMatt  potaaiuin 

Mtcr  rtaning  pump 


.06 

mm. 

.015 
.006 

II 

.C03 
.003 

.001 

II 
•1 
II 

.001 

•• 

.001 

II 

.001 

II 

.001 

•1 

001 

II 

001 

II 

001 

It 

o  min. 

S  " 

15  •• 

30  '• 

40  " 

55  " 

70  " 

86  " 


o 
o 
o 
o 
o 
o 
o 
o 
I 

5.5 

la 

90 
«5 


amp. 


-184 

-175 
-159 
-156 
-156 
-155 
-155 
-155 
-38 

-  34 

-  34 

-  3a 

-  34 


Table  VIII.— Oxygen  in  Apparatus. 
Carbon  electrode  at  Temp.  -78'  C.  Charge  on  carbon  —83  volts. 

fnmuit  of  air  Time  from  initial       Canmt  tluough     Current  to 

in  apparatua  reading  7  minutes     mapwt  polonium 

after  ttarting  pump 


.045  mm. 

Oil  " 

.005  •• 

.003  " 

.003  ** 

.003  •• 

.002  •• 

.002  " 

.002  " 

.002  " 

.002  " 

.002  " 

.002  " 

.002  " 


onun. 
5   " 


15 

30 

45 
60 

75 
90 

128 

13a 


0 

amp. 

-ao6.5 

0 

II 

-190 

0 

M 

-187 

0 

M 

-185.5 

0 

M 

-188 

0 

M 

-187 

0 

U 

-188 

0 

«< 

-190 

0 

•• 

-193-5 

0 

-193-5 

1 

l< 

-  36. a 

la 

M 

-  34a 

18 

M 

-34-a 

as 

t« 

-  33-4 
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Carbon  electrode  at  Temp,  .,9a*  C.  Charge  on  carbon --84  volt. 


PreMure  at  sir 
in  appftratui 


Time  from  initial        Current  through 
(••ding  7  minute*      magnet 
after  ttarting  pump 


Current  to 
polonium 


.08 

mm. 

.013 

II 

.006 

II 

.004 

II 

.Oti4 

II 

.003 

It 

.003 

II 

.003 

II 

.003 

II 

.003 

II 

.ooa 

II 

.003 

II 

.ooa 

ti 

0  min. 


5 

»5 
30 

45 
60 

75 
90 


o 

0 

0 

o 

o 

o 

o 

o 

I 

9 
13 
19 

24-J 


amp. 


-277 

-237 

-224.5 

-224.5 

-229 

-224.5 

-227.5 

-225 

-  35  5 

-  33.4 
-33.6 

-  33-4 

-  334 


Table  X.— Hvdrogkn  i.v  Apparatus 
Carbon  Electrode  at  Temp.  24°  C.  Charge  on  Carbon  -  -84  volts. 


Preiaure  of  air 
in  apparatus 


Time  from  initial     Current  through     Current  to 
readmg  7  minutes    magnet  polonium 

after  itarting  pump 


.006 
.002 

mm. 
II 

0  min. 
10     " 

oamp. 
0 

.001 

II 

20 

II 

0 
0 

«• 

less  than 

.001 

II 

40 

II 

tt 

" 

.001 

ti 

60 

II 

0 

•  « 

.001 

II 

90 

II 

0 

41 

.001 

1.5 

II 

.001 

4  5 

II 

.001 

9 
18 

.001 

II 

.001 

24- 5 

-429 -5 

-230.5 
-205 

-202 
-196 
-194 

-  66 
-47.5 

-  48.5 

-  49 
-47 
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Table  XI.— Hyoiogen  in  AppASArus. 
Carbon  electrode  »t  Temp.-iga"  C.  Charge  on  carbon  —84  volU. 

Pre»u»of.lf         Tlm«  from  taitUI      Current  through     Current  to 


in  appwatiM 


reading  7  minute*      magnet 
after  lUrtlng  pump 


polonium 


ois  mm 

0 

min. 

0     amp,            -256 

.004 

s 

II 

0 

-313 

■  than 

ooa 
.001 
.001 
.001 

II 
il 
II 

aa 

39 
39 

II 
II 
II 
II 

0 
0 
0 
0 

-313 

-337.5 

-338 
-34a 

001 

65 

0 

-354 

.001 

80 

II 

0 

-349 

.001 

95 

0 

-366 

.001 

"5 

" 

0 

-373 

II 

.CGI 

• 

i30 

II 

0 

-373 

4« 

OOI 
.001 
.001 

II 
II 

15      * 
4 

-  39  6 

-  37  5 

II 

9  5 

-  36.8 

.001 

»5  5 

-  36.8 

.001 

25 

-  36.3 

From  these  results  the  values  of  the  secondary  radiation  from  the 
carbon  at  different  temperatu, . .  in  oxygen  and  in  hydrogen  were  de- 
duced as  with  the  air.  by  taking  the  difference  between  the  final  rates 
of  charging  of  the  polonium  without  and  with  the  magnetic  field  applied 
These  are  given  in  Tables  XII.  and  XIII. 


Table  XII.— Fresh  Carbon  in  Oxygen 

Secondary  Radiation  from  Carbon  and  Oxygen  Layer. 

Temperature  of  Carbon ...      115°  23°  ^78°  ~^         102° 

-12 1. 5 


Secondary  Radiation -124.7 


-160 


-193 


Table  XIII.— Fresh  Carbon  in  Hydrogen. 
Secondary  Radiation  from  Carbon  and  jjvdroyen  Layer. 

Temperature  of  Carbon.^ 240  c  '      -lo^ 

Secondary  Radiation "147  '  ^^r\6 — 


Here  again  we  find  that  both  with  oxygen  and  with  hydrogen  the 
results  shew  that  the  secondary  radiation  was  much  greater  when  the 


Secondary  Rays  Excited  by  the  Alpha  Rav».  39 

carbon  wm  at  a  low  temperature  than  when  it  wai  maintained  at  a  hicher 
temperature.  " 

From  the  foregoing  it  it  clear  that  thia  modification  of  theiatenaitv 
of  the  eecondary  radiation  i.  attribuuble  a.  in  the  caee  of  air  to  an  In- 
creaae  In  the  amount  of  gaaeoua  oxygen  and  hydrogen  occluded  in  the 
•urface  of  the  carbon  by  a  reducUon  of  the  temperature 

«#  JUa   *''*  •fP*."™*"     '  «  d<»cribed  it  followi  that  the  amount 
of  Mcondary  radiaticu.         ,.,.  „  from  an  electrode  under  bombardment 

by  •  raya  may  be  u' .  n         '"UM«ra«« 

at  the  lurface  of  the  vi.- 
low  preiaure.     If  iK.  . 
from  a  subatance  \ 
ed  it  would  indli  it 
of  the  subatanti 
layer  adhering    > 
Mction  an  experim : 


TT  -i»' 


•tn  'k  wl  cii  iht 


TC      i(J    «  M. 


•  !:<■,( 


.. .    ,UT 

mt)-      I 


.i.i  «,  r 


I      *  density  of  the  gaseous  layer 
•r  i%  placed  in  a  gas  at  a  very 
r.  iti    n  the  secondary  radiation 
urus       'er  the  conditions  mention- 


.1    W  Is  I 


•II'. 


gaseous  layer  at  the  surface 

t!  '    thaf  the  density  of  the  gaseous 

iU  all  tt  ff.peratures.     In  the  following 

••  .lich  .nalces  use  of  this  conclusion. 


IV.-  Pa 
A  peculiar  effect  wa* 


'vrEATi  «.TH  Brass. 

™— ,  •      c     .  "^  '"-''"*  *••*  *»"•*  o^  *"  the  exoeri. 

menu,  namely,  that  it  took  a  longer  Ume  to  reduce  the  pressure  of\he 

cooled  with  kquid  air.  than  when  the  walls  were  at  ordinary  room  te^^ 
erature.  At  first  this  effect  was  supposed  to  be  due  to^^  TZ 
apparatus  and  the  vessel  was  removed  and  carefully  tested  uSer  p«! 

that  no  such  holes  or  porous  place,  could  be  discovered.    It  wasibo 

ound  that  when  the  apparatus  was  put  back  and  exhausted  at  ordinal 

emperature.  the  pre«iure  was  reduced  with  the  same  speei  ai  bS^ 

the  apparatu.  was  cooled  with  liquid  air.    There  seemedVSerefore  to 

be  no  leak  of  air  through  the  walls  of  the  apparatus  and   hS  oti.er 

the  brass  vesse  at  l.qu.d  air  temperature  which  r  1  not  come  aTr«,m 
temperature.    If  this  were  the  case  there  would  be      ^gasbAebrTa^ 

secuon  o  studying  the  gaseous  layer  at  the  surface  of  a  substance  by 
the  quantity  of  secondary  ray,  coming  from  it  could  be  used  to^Tthe 
above  explanation.    Accordingly  a  brass  plate  wa,  placed  at  Kinst^ 

from  the  bra«  plate  was  determined  when  it  was  at  room  Um^ture 
and  when  it  was  at  the  temperature  of  liquid  air.  The  seriesSS 
taken  are  given  in  Tables  XIV  and  XV.  I„  order  that  the  bTa^^^  S 
room  temperature  might  be  as  free  of  air  as  possible  the  pum^t^de 
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to  exhaust  the  air  from  the  apparatue  for  three  houn  coot  nuoiuly  befora 
a  reading  was  taken  of  the  rate  of  charging  of  the  polrnium. 

Tamlb  XIV.— Am  in  Appahatus. 
Brass  dectfode  at  Temp.  ao'C.  Chaiy  on  brass— «i  volts. 

CuRCOft  to 

polonium 


PnMureof  air 
in  apparatM 


less  than 


'Hme  from  initial     Current  dirou|li 
reading  3  hours       magnet 
after  rtarting  pump 


.001  mms. 

omin. 

0 

amp. 

-338.5 

.001      " 

5    " 

0 

u 

•^37 

.001      " 

15    " 

0 

-«3».5 

.001      " 

1 

-40.5 

.001      " 

■• 

10 

-34-5 

.001        " 

17 

-  34 

.001      " 
1 » 

aa 

-34-5 

constant  pumping  by  the  Gaede  pump  the  pressure  of  the  air  in  the  ap- 
paratus had  fallen  very  low  and  that  the  rate  of  charging  of  the  polonium 
had  become  constant  before  the  magnetic  field  was  applied. 

Immediately  after  the  readings  on  the  rate  of  charging  of  the  pol- 
onium  with  increasing  magnetic  fields  were  taken,  another  reading  was 
taken  of  the  rate  of  charging  of  the  polonium  without  the  magnetic  field. 
After  this  the  brass  plate  was  cooled  by  pouring  liquid  air  in  the  tube  E 
and  the  readings  on  the  rate  of  charging  of  the  polonium  were  continued 
once  more. 

Table  XV.— Air  in  Apparatus. 

Brass  Electrode.  Charge  on  Brass— 81  volts. 

Preasu.-eofair       Time  ftom  initial       Current  through    Current  to 
in  apparatus         reading  of  Table  XIV  magnet  polonium 


Leas  than  .001  mm 


38  min. 


o  amp. 


-338.5 


Cooi 

LEO   BS 

35 

■ASS  With 

Liquid  Air. 

.003 

mm. 

min. 

0 

amp. 

-«35-5 

.005 
.005 

«« 

40 
50 

<i 

0 
0 

•1 
•1 

-337 
-317 

.005 

65 

0 

II 

-314 

.004 

80 

II 

0 

II 

-310.5 

.004 

95 

II 

0 

II 

-310.5 

.004 

no 

11 

0 

II 

-310.3 

.003 
.003 

«i 

140 
170 

II 
II 

0 
0 

II 
II 

-309 
-310.5 

.003 

1 

II 

-42  5 

.003 

9-5 

11 

-  35-6 

.003 

16 

II 

-  35-6 

.003 

21.5 

•1 

-36.5 
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From  the  numbcn  given  in  the  table  it  wiU  be  seen  that  immediately 
after  the  brass  began  to  cool  down  to  the  temperature  of  the  liquid  air 
the  pressure  m  the  apparatus  rose  slightly  and  then  feU  agak  as  the 
pumping  was  continued.    The  rate  at  which  the  polonium  diarged  up 
however,  steadily  decreased  as  the  bras.  pUte  cooled  do^mHu  the 

the  chamber  It  follows  from  the  occurrence  of  this  decrease  in  the  rate 
of  charging  of  the  polonium  that  the  secondary  radiation  from  the  brass 
plate  must  have  dropped  off  as  its  temperature  lowered 
hra  Jl.r'r   **'   *^'  ■  "^l  ^*^  secondary  radiation  from  the 

vf?.*^?vv         ^*"^.'°   ^*^  '*9«°  C  ••  deduced  from  Tables 
XIV  and  XV  are  given  in  Table  XVI. 

Table  XVI.— Brass  in  Air. 

Secondary  Radiation  from  Brass  and  Air  Layer. 

Temperature  of  Brass 20°  C  -102°  C — 

Secondary  Radiation IJJ^  "_„" 


From  these  numbers  it  is  exident  that  the  secondary  radiation 
Irora  the  brass  at  a  temperature  of  20°  C  was  about  25%  higher 
I^u"d  liT"  "         ^"^  "™''  '  "^  bombardment  at  the  temperature  of 

If  differences  in  •  ray  excited  secondary  radiation  at  low  pres- 
sur(»  be  taken  to  connote  differences  in  the  quantities  of  gas  occluded 
at  the  surface  of  the  substance  bombarded,  the  meaning  of  this  smaller 
secondary  radiation  from  the  brass  at  liquid  air  temperature  is  that 
the  brass  held  less  gas  in  its  surface  at  liquid  air  temperature  than  ct 
the  temperature  of  the  room.  This  experiment  therefore,  strongly  sup- 
ports the  explanation  given  above  of  the  greater  difficulty  experienced 
in  pumping  the  air  from  the  brass  chamber  at  -iga^  C  than  in  making 
the  same  exhaustion  when  the  apparatus  was  maintained  at  the  temoer 
ature  of  the  room.  "^ 

v.— Summary  of  Results. 

I.  The  secondary  radiation  excited  by  the  •  rays  of  polonium  in  car- 
bon was  found  to  increase  in  intensity  as  the  temperature  of  the  carbon 
was  lowered  from  room  temperature  to  the  temperature  of  liquid  air 

II.  rhis  ino-ease  in  the  secondary  radiation  from  carbon  as  its  tem- 
perature  was  lowered  has  been  shewn  to  be  due  to  an  increase  in  the 
amount  of  gas  occluded  in  the  surface  of  the  carbon. 
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III.  Since  it  has  been  shewn  that  gases  occluded  in  such  substances  as 
carbon  contribute  to  the  secondary  radiation  excited  at  the  surface  of 
these  substances  by  .  rays,  it  follows  that  the  procedure  adopted  in 
this  mvMtigation  constitutes  a  new  method  of  studying  the  phenomena 
of  occlusion. 

IV.  The  results  of  the  experiments  described  in  this  paper  also  go  to 
shew  that  with  a  metal  like  brass  the  amount  of  a  gas  retained  in  its 
surface  when  it  is  placed  in  a  vacum  is  less  at  the  temperature  of  liquid 
air  than  at  ordinary  room  temperature. 

In  conclusion,  I  desire  to  thank  Professor  McLennan  for  the  kindly 
interest  he  has  shewn  throughout  the  course  of  this  Ksearch. 
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